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Research  Assesses  Ozone  Damage  to  Crops 

Ozone  and  other  air  pollutants  are 
costing  farmers  at  least  $1  billion  in 
agricultural  crop  losses  each  year,  ac- 
cording to  Agricultural  Research  Serv- 
ice scientists  studying  the  damage. 

"Farmers  don't  see  ozone  damage 
happening  to  their  field  crops,  but  it 
is,"  says  Walter  W.  Heck,  a  plant 
physiologist  who  heads  the  agency's  air 
pollution  research  at  Raleigh,  NC,  in 
cooperation  with  the  Environmental 
Protection  Agency  (EPA). 

Damaging  ozone  is  caused  by  a 
photochemical  reaction  of  sunlight  with 
automobile  and  industrial  exhausts  con- 
taining nitrogen  oxides  and  hydrocar- 
bons. It  is  different  from  the  ozone 
layer  in  the  Earth's  stratosphere  that 
filters  out  ultraviolet  sunlight  but  does 
not  harm  crops. 

"Ozone  is  carried  by  prevailing 
winds,  often  for  hundreds  or  thousands 
of  miles,"  Heck  says.  "That's  why 
rural  areas,  despite  having  fewer  au- 
tomobiles and  industrial  plants,  often 
equal  the  ozone  pollution  levels  for  ur- 
ban areas." 

As  a  result,  he  says,  crops  far 
away  from  pollution  sources  are  not 
necessarily  safe  from  ozone. 

"We  see  in  field-test  chambers  and 
in  greenhouses  that  ozone  is  causing 
leaves  of  soybean,  wheat,  cotton, 
peanut,  and  other  agricultural  crops  to 
die  prematurely,  reducing  yields  and 
costing  the  farmer  money,"  he  says. 
"And  the  $1  billion  figure  doesn't  in- 
clude damage  to  horticultural  crops  and 
to  forests." 

Yield  losses  are  based  on  crop 
studies  done  at  sites  across  the  country 
from  1980  to  1982.  Findings  from 
1983  to  1985  are  being  analyzed.  Heck 
says,  and  final  results  are  expected  in 
1987. 

Heck's  laboratory  has  been  study- 
ing the  problem  since  1980  as  part  of 
the  National  Crop  Loss  Assessment 
Network  (NCLAN),  set  up  by  EPA  to 
get  estimates  of  agricultural  crop  losses 
from  ozone  and  other  air  pollutants. 

A  typical  long-term  concentration, 
or  level,  of  surface  ozone  is  0.05  ppm. 
Heck  says.  In  test  areas,  ozone  levels 
ranged  from  about  0.04  to  0.06  ppm 


Indoor  chambers  control  environment  of  snap  bean  plants  to  test  response  to  o2one 
under  various  conditions.  Plant  physiologist  Walter  Heck  and  botanist  John  Dunning 
review  records. 

during  a  7-hour  day,  from  9  a.m.  to  4 
p.m. 


"Ozone  is  carried  by 
prevailing  winds,  often  for 
hundreds  or  thousands  of 
miles.  That's  why  rural 
areas  often  equal  the  ozone 
pollution  levels  for  urban 
areas." 

—Plant  Physiologist  Walter  W.  Heck 

That  level  can  significant!)  damage 
crops  when  plants  absorb  it  over  an  en- 
tire growing  season.  Among  the  \ield 
losses  assessed  to  date  in  the  NCLAN" 
studies: 

•  Soybean  yields  decreased  12 
percent  when  exposed  to  0.05  ppm  of 
Dione  in  1980  82  field  tests  M  u 
gonne,  ll..  Beltsville,  MD  [see  igrkmt- 
turn!  Research,  November  1981,  pp 
4-61.  Ithaca.  NY.  m\\  Raleigh 

•  Peanut  yields  also  decreased 
about  12  percent  during  1980  tots  at 

Raleigh,  Peanut  and  soybean  losses 
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were  among  the  highest  for  crops 
tested. 

•  Cotton  yields  at  Shatter,  CA, 
showed  a  7-percent  reduction,  while 
1982  tests  at  Raleigh  showed  that  yields 
of  a  common  type  of  cotton  grown  in 
the  South  decreased  by  10  percent. 

•  Winter  wheat  yields  at  Argonne 
were  reduced  7  percent. 

•  The  lowest  reduction  at  0.05 
ppm  was  1.5  percent  in  corn  tests  at 
Argonne  in  1981  and  for  sorghum  there 
in  1982. 

•  As  ozone  increased,  yields 
declined  for  all  the  crops  tested.  At 
0.06  ppm,  for  example,  soybean  yields 
were  cut  by  17  percent,  and  at  0.09 
ppm,  the  loss  was  31  percent. 

The  results  for  soybeans,  cotton, 
winter  wheat,  and  corn  were  calculated 
on  what  Heck  calls  a  "common  ozone 
response"  of  several  varieties  for  each 
crop.  The  peanut  and  sorghum  results 
were  based  on  data  from  a  single  varie- 
ty for  each  crop. 

Heck  and  agency  plant  pathologists 
Richard  A.  Reinert  and  Allen  S. 
Heagle  at  Raleigh  are  studying  ozone 
and  other  air  pollutants  in  several 
ways.  Heagle  conducts  outdoor  field 
studies  in  specially  designed  test  cham- 
bers; Reinert  conducts  indoor  studies  in 
exposure  chambers  placed  in  green- 
houses and  in  a  building  called  a  phyto- 
tron,  where  environmentally  controlled 
rooms  and  compartments  allow  scien- 
tists to  study  the  problem  under  a  vari- 
ety of  conditions. 

"We  study  plants  at  different 
stages  of  development  and  expose  them 
to  different  factors  to  see  what  ozone 
does  to  them,"  says  Reinert.  "In  the 
greenhouses  and  phytotron,  we  can  see 
how  temperature,  light,  fertilizers, 
moisture  and  other  variables  affect  a 
plant's  response  to  ozone  and  other  air 
pollutants.  We  can  also  determine  how 
other  factors  such  as  plant  diseases  are 
influenced  by  air  pollutants." 

The  outdoor  studies  are  in  cylindri- 
cal, open-top  chambers  specially 
designed  to  gauge  the  effects  of  air  pol- 
lutants on  different  crops. 

The  chambers  are  10  feet  in  di- 
ameter and  8  feet  tall,  with  aluminum 
frames  surrounded  by  plastic.  They  are 
placed  on  the  ground,  and  crops  are 
planted  inside  of  them.  Air  is  pumped 
into  them,  either  through  charcoal 


filters  to  remove  ozone,  or  without 
filters  to  let  ozone  in. 

Ozone  in  the  different  chambers 
can  be  regulated  so  that  scientists  can 
compare  plant  responses  at  various  con- 
centrations or  when  ozone  is  filtered 
out. 

"We've  only  scratched  the  surface 
at  this  point,"  Heagle  says,  "but  we're 
at  the  point  where  the  trends  we've 
seen  are  pretty  clear.  Now  we  want  to 
continue  studying  how  moisture  affects 
a  plant's  response  to  ozone.  We've 
only  done  that  for  the  past  3  years." 

Moisture  plays  a  key  role,  accord- 
ing to  Heck.  When  a  plant  lacks  water, 
its  stomates,  the  openings  in  its  leaves, 
close  to  retain  water  in  the  plant.  This, 
he  says,  reduces  the  amount  of  ozone  a 
plant  absorbs  through  the  stomates 
from  the  air. 

"This  may  explain,  in  part,  why 
ozone  appears  to  affect  plants  more  in 
the  East,  where  there  is  more  rain," 
Heck  says.  "They  probably  absorb 
more  ozone,  whereas  in  the  West,  drier 
conditions  may  help  plants  cut  down  on 
the  amount  of  ozone  they  absorb— 
unless  they  are  irrigated." 

Ozone  enters  a  plant  as  its  leaves 
absorb  carbon  dioxide  necessary  for 
photosynthesis,  in  which  plants  use 
sunlight  to  form  carbohydrates.  When 
damaged  by  ozone,  a  plant's  leaves  age 
prematurely  and  discolor,  leaf  cells  die, 
and  photosynthesis  and  growth 
decrease. 

"It  is  frustrating  for  growers  that 
we  don't  have  anything  really  simple  to 
tell  them  that  they  can  do  about  ozone 
pollution,"  Heck  says. 

One  research  option  is  to  breed 
plants  that  have  genetic  resistance  to 
ozone,  he  says.  "Such  resistance  ap- 
parently exists  in  all  crop  species  that 
have  been  examined." 

Meanwhile,  the  national  crop  net- 
work is  completing  a  series  of  field 
studies  and  will  hold  an  international 
conference  in  Raleigh  in  late  1987  to 
discuss  results  and  ways  to  deal  with 
air  pollution  problems.— By  Sean 
Adams,  ARS. 

Walter  W.  Heck  is  in  USDA-ARS 
Air  Quality  Plant  Growth  and  Develop- 
ment Research,  Raleigh,  NC  27695. 
(919)  739-3311 
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Carbon  Dioxide  Makes  Heat  Therapy  Work  for 
Virus  Infected  Plants 


Scientists  can  now  propagate 
healthy  blueberry  and  raspberry 
plants  from  virus-infected  stock  by 
treating  it  with  heat  and  carbon 
dioxide. 

"We  grow  plants  at  100°F 
Fahrenheit,  which  makes  them  de- 
velop faster  than  the  virus  can 
spread,"  says  ARS  plant  pathologist 
Richard  H.  Converse.  "Then,  we 
take  cuttings  of  the  new  growth- 
less  than  an  inch  long— and  raise 
them  into  full-sized,  virus-free 
plants." 

But  in  this  race  to  outdistance 
the  virus,  some  plant  species  are  not 
able  to  take  the  heat.  Some  even 
die. 

"Chemical  reactions  double  for 
every  14 °F  rise  in  temperature," 
Converse  says.  "So,  if  you  try  to 
grow  a  plant  at  100°F  that  was 
originally  growing  at  86 °F,  it  will 
double  its  respiration  rate.  The 
danger  is  that  the  plant  growing  at 
the  higher  temperature  could  soon 
exhaust  its  stored  food  reserves 
much  like  a  runner  who  runs  too 
hard  and  tires." 

Adding  carbon  dioxide  increases 
the  rate  of  photosynthesis  in  plants, 
which  increases  the  plant's  food 
reserves. 

Converse's  findings  on  blueber- 


ries and  raspberries  are  based  on 
earlier  research  Australian  scientists 
did  on  grapes. 

The  Australians  had  discovered 
that  they  could  successfully  grow 
plants  in  growth  chambers  at  con- 
tinuously high  temperatures  if  the 
slight  amount  of  carbon  dioxide  nor- 
mally present  in  the  air  (about  350 
ppm)  was  increased  to  1,200  ppm. 

"What  carbon  dioxide  does," 
says  Converse,  "is  to  make  the  heat 
treatment  safe.  It  allows  some  plants 
to  grow  at  temperatures  they  would 
otherwise  not  survive  and  allows 
other  plants  to  grow  for  longer  peri- 
ods at  100°F." 

One  problem  with  the  process, 
says  Converse,  is  that  the  longer 
plants  are  exposed  to  heat  the  great- 
er the  mutation  rate.  So,  resulting 
clones  should  be  closely  examined 
for  trueness  to  horticultural  type.— 
By  Howard  Sherman,  ARS. 

Richard  H.  Converse  is  at  the 
USDA-ARS  Horticultural  Crops 
Research  Laboratory,  3420  South- 
west Orchard  St. ,  Corvallis .  OR 
97330. 

/A  technical  paper  covering  this 
subject,  by  R.H.  Converse  and  R  A. 
George,  will  appear  in  early  1987  in 
volume  71  of  the  journal  Plant  Dis 
cose/  (503)757-4544 
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Gas  Clues  to  Bruises 


Excess  carbon  dioxide  given  off  by 
bruised  fruits  and  vegetables  provides  a 
telltale  clue  to  rough  treatment  during 
picking  and  handling. 

As  a  result,  scientists  can  use  car- 
bon dioxide  readings  that  are  above 
normal  respiration  levels  (for  dark 
storage  conditions)  to  quickly  and  relia- 
bly measure  damage,  says  Clyde  L. 
Burton,  a  plant  pathologist  with  the 
USDA  Agricultural  Research  Service  in 
East  Lansing.  MI. 

Carbon  dioxide  is  a  byproduct  of 
the  breakdown  ol  malic  acid  spilled 
from  damaged  cells  near  the  site  of  a 
bruise. 

To  relate  carbon  dioxide  release  to 
the  degree  of  damage,  Burton  and  tech- 
nician Nancy  L.  Schulte-Pason  dropped 
freshly  harvested  cherries  and  blueber- 
ries one  to  five  times  from  a  height  of 
3  feet.  The  impacts  simulated  those  that 
might  occur  during  harvesting  and 
handling. 

They  immediately  placed  the 
dropped  fruit  in  sealed  plastic  food 
containers.  One  hour  later,  after  carbon 
dioxide  accumulated  in  the  containers. 


needles  attached  to  the  intake  and  ex- 
haust lines  of  an  infrared  gas  analyzer 
were  inserted  into  the  containers.  "The 
gas  analyzer  is  so  sensitive  to  carbon 
dioxide  that  we  must  be  careful  in 
breathing  or  talking  around  the 
machine,"  Burton  says. 

The  higher  the  amount  of  carbon 
Jioxide  in  a  sample,  the  greater  the 
damage  and  the  higher  the  amount  of 
eventual  decay.  The  test  takes  2  hours 
compared  with  a  wait  of  several  days 
for  visual  observation  of  decay. 

Burton  says  that  information  gained 
from- testing  fruit  can  be  used  to  im- 
prove mechanical  harvesters  and  the 
handling  equipment  in  packing  houses. 

In  Michigan,  it  is  estimated  that  40 
to  50  percent  of  mechanically  harvested 
cherries  and  blueberries  suffer 
damage —By  Linda  Cooke-Stinson, 
ARS. 

Clyde  L.  Burton  is  in  USDA- ARS 
Fruit  and  Vegetable  Harvesting 
Research,  Room  138,  Plant  Biology 
Lab. ,  Michigan  State  University,  East 
Lansing,  MI  48824 
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Economies  of  Short  and  Ultra-Short 
Rotation  Forestry 

This  technical  note  was  based  on  research  conducted  by  Argonne  National 
Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/T1C/EG-86/149 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


Argonne  National 
Laboratory 


A  model  for  determining  a  long-run  op- 
timal stationary  harvesting  cycle  for  short 
rotation  forestry  for  the  production  of  bi- 
omass  has  been  developed. 

The  model  uses  a  linear  complementary 
approach  and  is  adapted  from  recent  work 
in  the  area  of  economic  growth  theory. 
Use  of  the  model  in  analysis  of  the  effect 
of  tree  spacing  on  production  cost  and 
woody  biomass  production  patterns  allows 
the  identification  of  least-cost  production 
systems  and  research  and  development 
needs.  Two  types  of  short  rotation  plan- 
tations, one  with  relatively  large  spacings 
within  and  between  rows  and  the  other 
involving  very  dense  plantings,  are 
analyzed. 

The  approach  of  planting  cuttings  at 
very  high  density  results  in  trees  growing 


in  a  manner  similar  to  tall  grasses  and 
thus  is  called  the  "wood-grass"  approach 
The  wood-grass  system,  which  would  be 
the  least-cost  method  when  the  cost  of 
planting  stock  is  reduced  through  mechan- 
ical production  and  new  high  productivity 
planting  equipment  is  developed,  shows 
promise  of  acceptance  as  an  annual  crop 
by  farmers.  This  approach  is  viable  chiefly 
with  species  that  lend  themselves  to  the 
coppicing  method  of  regeneration. 

Revenues  from  the  production  of  wood- 
grass  would  be  realized  annually,  and  be- 
cause the  coppicing  stumps  would  be 
small,  land  use  for  the  production  of 
wood-grass  could  be  readily  converted  to 
the  production  of  other  crops  and  thus 
offer  a  high  degree  of  crop  flexibility 


FOR  ADDITIONAL 
INFORMATION 


Reference(s): 

S.  Y.  Shen.  A.  D.  Vyas.  and  P.  C.  Jones.  Economic 
Analysis  of  Short  and  Ultra-Short  Rotation  Forestry, 
Resour.  Conserv..  10:255-270(1984). 


For  program-related  information,  contact 
Sinyan  Shen 

Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (3 12)  972-6276 
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Carbon  Dioxide  Enrichment  Increases 
Crop  Yield 

This  technical  note  summarizes  a  project  achievement  selected  from  the  U.S. 
Department  of  Energy  1 985  Basic  Energy  Sciences  Program. 


DOE/TIC/EG-86/134 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


B 


Lawrence  Livermore 
National  Laboratory 


Crop  yield  is  increased  by  higher  levels 
of  carbon  dioxide  in  the  atmosphere.  Field 
data  from  10  outdoor  experiments  involv- 
ing food,  forage,  and  fiber  crops  provide 
convincing  evidence  that  carbon  dioxide 
enrichment  enhances  growth  and  produc- 
tivity. When  grown  at  levels  twice  today's 
atmospheric  concentration,  five  of  six 
crops  examined  yielded  31  to  82%  more 
harvestable  product.  The  species  showing 
gains  were  black-eyed  peas,  soybean, 
sweet  potato,  cotton,  and  sorghum.  One 
crop,  corn,  failed  to  increase  productivity 
when  enriched  with  carbon  dioxide. 

Through  photosynthesis,  plants  produce 
food  and  fiber  from  light  and  carbon  as- 
similated as  carbon  dioxide.  Rising  atmo- 
spheric carbon  dioxide  is  thus  an  impor- 
tant factor  in  the  food-producing  process, 
and  effects  of  carbon  dioxide  enrichment 
have  far  reaching  implications  for  agricul- 
tural and  ecological  productivity. 

Much  of  the  theory  and  historical  data 
that  support  the  idea  of  carbon  dioxide 
enhancement  of  plant  growth  come  from 
laboratory  experiments  where  light,  nutri- 
ents, carbon  dioxide  levels,  water,  and 
other  environmental  factors  are  controlled 
artificially.  Although  short-term  experi- 
ments inside  such  chambers  are  useful  for 


studying  physiological  mechanisms  and  en- 
vironmental interactions,  they  have  pro- 
duced very  few  reliable  data  on  full-season 
growth  and  yield  at  natural  light  and  for 
variable  outdoor  conditions. 

Field  studies  have  been  emphasized  in 
this  project  on  the_direct  effects  of  carbon 
dioxide  on  plants"  most  of  the  research 
has  been  done  with  open-top  or  flow- 
through  chambers  positioned  in  fields 
planted  and  maintained  according  to  nor- 
mal farming  practice.  Test  plants  are  ex- 
posed to  natural  light,  soil,  and  other 
conditions,  whereas  precise  control  is 
maintained  of  the  desired  carbon  dioxide 
enrichment  for  an  entire  growth  cycle. 

Corn  exhibited  no  direct  yield  response 
to  carbon  dioxide  enrichment,  although 
other  experimental  results  showed  a  sig- 
nificant carbon  dioxide  effect  on  water 
use.  Doubling  carbon  dioxide  concentra- 
tion reduced  by  one-third  the  water  re- 
quired to  produce  a  normal  yield  of  corn, 
and  this  effect  is  expected  to  enhance  pro- 
ductivity indirectly.  (Tuskegee  Institute. 
P.  K.  Biswas;  U.S.  Department  of  Agricul- 
ture/Agricultural Research  Service.  L.  H. 
Allen.  B.  A.  Kimball;  Lawrence  Livermore 
National  Laboratory.  J.  Shinn;  Kansas 
State  University.  E.  Kenemasu) 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
J.  Shinn 

Lawrence  Livermore  National  Laboratory 
P.O.  Box  808 
Livermore.  CA  94550 
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Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Inexpensive  Meter  for 
Total  Solar  Radiation 

This  instrument  aids  in  deciding  on  the  proper  time 
to  harvest  crops. 


A  pyranometer  containing  solar  cells 
measures  the  combined  intensity  of 
direct  light  from  the  Sun  and  diffuse  light 
from  the  sky.  The  instrument  includes  a 
polyethylene  dome  that  diffuses  entering 
light  so  that  the  output  of  the  light  detec- 
tors does  not  vary  significantly  with  the 
changing  angle  of  the  Sun  during  the  day. 
The  instrument  therefore  does  not  have 
to  be  calibrated  for  the  response  of  each 
detector  to  the  Sun  angle,  and  the  sensor 
outputs  do  not  have  to  be  corrected 
separately  before  they  are  summed  and 
integrated. 


The  pyranometer  was  developed  as  a 
simple,  rugged,  and  inexpensive  unit  for 
agricultural  use.  In  particular,  it  can  help 
in  deciding  when  to  harvest  such  crops 
as  sugarcane  and  grapes,  the  ripenesses 
of  which  are  closely  tied  to  total  solar  ex- 
posure. 

Five  silicon  solar  cells  are  placed  with 
one  on  each  of  the  sides  and  one  on  the 
top  of  a  truncated  pyramid  (see  figure). 
The  cells  are  connected  in  parallel,  and 
their  outputs  feed  to  a  current  meter  or 
recorder.  The  current  could  also  be  fed  to 
an  integrator  that  indicates  the  cumula- 


tive solar  radiation  m  terms  of  the  solar- 
cell  energy  output,  perhaps  in  convenient 
units  of  millrwatt-hours  A  e/eung  scev, 
adjusts  the  tilt  of  the  cell  assemory  to  suit 
the  local  latitude  No  further  adjustments 
are  needed  to  allow  for  seasonal  changes 
in  the  solar  declination. 

This  work  was  done  by  Er  c  G  Laue  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-1674'   FA 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BW 
Airport,  MD.  21240;  (301)  6210100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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524  Drawing  Viewgraphs  by  Computer—  A  specially  developed  program 
prepares  presentation-quality  text  for  projection. 

525  Ada  and  Its  Effects:  A  Compendium —  Conference  proceedings  cover 
problems  and  achievements  associated  with  the  computer  language. 

526  Emergency  Personnel  Notification  System 

527  Electronic  Communications  Between  Wang  Office  Information  Systems 
and  IBM  5520  Office  System 

Software 

528  Maximum-Likelihood  Decoder  on  a  Hypercube  Multiprocessor—  Efficient 
parallel  processing  is  used  to  implement  complex  decoders.  (Licensing 
Opportunity) 

529  Listing  Relationships  Among  Subroutines —  Hierarchical  charts  of  sub- 
programs are  generated. 

Other  items  of  interest 

593       Human  Factors  Guidelines  and  Methodology  in  the  Design  of  a  User- 
Computer  Interface:  A  Case  Study 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria.  VA 


Project  Number:  NONE 


Filing  Code:  628"!  13 


Drawing  Viewgraphs  by  Computer 

A  specially  developed  program  prepares  presentation-quality  text  for  projection. 


A  report  describes  PCVUGRAF,  a  user-friendly 
charting  utility  program  for  an  IBM  PC  or  an  equi- 
valent microcomputer.  Developed  by  the  U.S.  Ar- 
my Missile  Command,  the  program  generates  pre- 
sentation-quality viewgraphs  and  charts  of  various 
forms. 

In  addition  to  a  microcomputer  with  a  128  K  ran- 
dom-access memory,  the  program  requires  Micro- 
compatibles,  Plotmatics,  and  Graphmatics  (or 
equivalents)  as  library  routines;  a  text  editor  or 
word  processor  program  capable  of  handling  up  to 
160  characters  per  line;  a  monochrome  or  gra- 
phics monitor;  and  a  pen  plotter. 

PCVUGRAF  assumes  that  the  final  chart  will 
have  a  format  consisting  of  a  title  section  and  a 
body  section,  optionally  contained  within  a  frame 
(see  figure).  The  title  section  usually  contains  one 
to  three  lines  of  text  and  is  automatically  centered, 
horizontally  and  vertically  by  the  program.  The 
code  adjusts  the  letter  size  to  ensure  that  the  infor- 
mation can  be  contained  in  the  allotted  space. 

The  body  section  may  contain  up  to  110  lines  of 
text.  The  code  does  not  automatically  center  the 
text  horizontally,  but  allows  the  user  complete  con- 
trol over  the  layout.  The  program  determines  the 
total  number  of  lines  in  this  section  and  the  number 
of  letters  in  the  longest  line.  From  this  information,  it 
adjusts  the  letter  size  so  that  all  the  text  will  fit  within 
the  bounds  of  the  length  and  height  of  the  body  sec- 
tion. 

FOR  ADDITIONAL  INFORMATION: 

"rbu  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reporl(s) 

PCVUGRAF  PC  Based  Code  tor  Text  Chans  and  Visual  Aids. 

Order  number;  AD-AI69812/NAA 

Price  code:  A03 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  27161 


c 

TITLE 

> 

BODY 

\ 

A  PCVUGRAF  Chart  contains  two  sections,  title,  and 
body.  Either  the  rounded-edge  or  sharp-edge  opton  may 
be  selected.  The  program  automatically  writes  the 
figure  number  at  the  upper  right  and  the  data  at  tne 
lower  right. 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  /kv  eitf 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  In  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  62D006 


Ada®  and  Its  Effects:  A  Compendium 

Conference  proceedings  cover  problems  and  achievements 
associated  with  the  computer  language. 


A  report  contains  25  papers  presented  at  the 
Fourth  National  Conference  on  Ada  Technology. 
The  papers  cover  applications,  research  and  me- 
thodology, impact  on  secure  operating  systems, 
education  and  training,  program  support,  and  de- 
velopment tools.  The  report  was  compiled  the  U.S. 
Army  Communications-Electronics  Command. 

One  of  the  papers  describes  a  spiral  model  of 
Ada  software  development  and  enhancement.  The 
model  (see  figure)  describes  a  risk-driven  rather 
than  specification-  or  prototype-driven  approach. 
The  introduction  of  Ada  has  established  a  risk- 
laden  transitional  era,  especially  in  the  develop- 
ment of  system  support  software.  The  spiral  model 
provides  a  way  to  view  the  successful  approaches 
and  may,  as  it  matures,  provide  effective  guidance 
for  future  projects. 

Another  paper,  representative  of  the  versatility  of 
the  Ada  language,  discusses  an  experimental  use 
of  Ada  in  real-time  interactive  avionic  communica- 
tion. All  coding  was  done  in  Ada,  and  the  subject 
device  drivers  were  written  entirely  in  Ada.  The 
code  execution  times  warranted  utilization  of  Ada 
in  an  embedded  real-time  application  in  the  case  of 
the  crew  aircraft  interface. 

Yet  another  paper  considers  the  implementa- 
tion of  a  graphics  package  in  Ada.  The  authors  note 
that  they  are  drawn  to  Ada  by  its  expressive  power 
and  standardization.  They  feel,  however,  that  some 
effort  is  still  needed  to  set  up  an  Ada  system  that  is 
convenient  for  students  to  use. 
Ada®  is  a  registered  trademark  of  the  U.S. 
Government,  Ada  Joint  Program  Office  (AJPO). 


In  the  spiral  model  of  Ada  Software  Development,  the 

radial  dimension  indicates  the  cumulative  cost  incurred. 
The  angular  dimension  indicates  the  progress  in  com- 
pleting the  development.  The  trajectory  of  the  spiral  indi- 
cates the  efficiency  of  the  software  development  proj- 
ect. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
Proceedings  of  the  4th  Annual  National  Conference  on  Ada9  Technology. 
Order  number  AD-A167802/NAA 
Price  code:  A09 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Emergency  Personnel  Notification  System 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-36/128 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


A  system  has  been  developed  to  re- 
place manual  dialing  of  key  personnel  at 
the  time  of  an  emergency.  The  system 
can  call  over  200  people  in  30  minutes 
and  notifies  personnel  of  the  exact  mes- 
sage, not  a  voice  synthesized  message. 

The  system  was  developed  to  dynami- 
cally select  and  notify  key  personnel,  de- 
liver a  message,  log.  and  acknowledge 
response  over  phone  lines  in  response  to 
any  emergency  situation  The  roster  is  not 
static  but-  is  a  function  of  the  emergency 
type  and  location.  The  number  of  person- 
nel (or  alternates)  called  is  limited  only  by 
the  storage  capability  of  the  main  com- 
puter. The  message  to  be  transmitted  is 
generated  at  the  instant  of  the  emergency 
and  is  not  "canned." 

The  software  will  direct  the  dialing  of 
the  primary  names  on  the  specific  emer- 
gency list.  It  will  replay  the  message  to 


the  person,  if  voice  patterns  match,  and 
recognize  "yes"  or  "no"  responses,  busy 
tones,  disconnected  numbers  and  trunk 
transfers.  If  the  primary  person  is  not  a. 
able,  the  phone  is  bus/  or  disconnected. 
there  is  no  answer,  or  the  person  declines. 
the  system  will  automatically  dial  the  al- 
ternate number.  This  assures  that  at  least 
one  person  with  expertise  m  the  type  of 
emergency  is  able  to  resoono 

The  system  uses  the  VOTAN  software 
and  consists  of  a  MASSCOMP  microcom- 
puter linked  via  an  RS232  interface  to 
three  VOTAN  VTR  6050  series  II  voice 
systems 

The  system,  called  tre  ENS.  has  poten- 
tial applications  to  disaster  or  emergency 
response  for  any  civil  or  private  orgar  . 
tion  that  must  plan  for  emergencies,  such 
as  chemical/nuclear  accidents,  terrorist  ac- 
tivities, and  acts  of  nature 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
W  J.  Swenson 
EG&G  Idaho,  Inc. 
PO  Box  1625 
Idaho  Falls.  ID  834  1 5 

Telephone  No    (208)  526-9468 
or 

Jane  M.  Welch 
EG&G  Idaho.  Inc 
PO  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No    (208)  526-8318 
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Electronic  Communications  Between  Wang 
Office  Information  Systems  and  IBM  5520 
Office  System 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/130 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEL 

Idaho  National 

Engineering 

Laboratory 


A  direct  bridge  between  the  previously 
incompatible  Wang  Office  Information 
Systems  and  the  IBM  5520  Information 
System  has  been  designed  to  establish 
information  transfer.  This  was  done  by 
using  a  Wang  character  translation  table 
and  a  set  of  machine  instructions  devel- 
oped at  EG&G  Idaho. 

To  accomplish  the  translation/ informa- 
tion in  the  form  of  word  processing  doc- 
uments is  keyed  into  the  Wang  equipment, 
sent  to  the  IBM  Displaywriter.  and  sent, 
in  turn,  to  the  IBM  5520  Information  Sys- 
tem. The  bridge  was  designed  to  eliminate 


the  need  for  personnel  operating  the  IBM 
Displaywriter  equipment  as  in  the  com- 
munications link  between  the  Wang  equip- 
ment and  the  5520.  The  new  automated 
method  of  text  transfer  from  one  system 
to  another  is  more  cost  effective  as  well 
as  more  convenient. 

This  technology  has  application  to  all 
sectors  of  industry  using  the  Wang  and/ 
or  IBM  5520  equipment.  Duplication  of 
effort  in  rekeying  documents  would  be 
eliminated  because  the  information  can  be 
transferred  between  the  two  pieces  of 
equipment. 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
Barbara  Morns 
EG&G  Idaho.  Inc 
PO  Box  1625.  TSA 
Idaho  Falls.  ID  834  7  5 
Telephone  No:  (208)  526-9285 

or 

Jane  M.  Welch 
EG&G  Idaho.  Inc 
PO  Box  1625 
Idaho  Falls.  ID  834  1 5 
Telephone  No    (208)  526-8318 
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iW^SATech  Brief 

I  ill  ii  i;il  y  'i  i  ii  i,  ii  ill'  '    ii  ii  I 
.    in   AiJii  hi  ii'  Ii.  ill'  ii  • 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Maximum-Likelihood  Decoder  on  a 
Hypercube  Multiprocessor 

Efficient  parallel  processing  is  used  to  implement 
complex  decoders. 


A  hypercube  multiprocessor  connec- 
tion scheme  makes  it  practical  to  decode 
long  convolutional  codes  with  efficient  use 
of  hardware.  The  hypercube  design  re- 
duces both  the  communication  time 
among  processors  and  the  space  needed 
for  their  interconnection.  This  decoding 
concept  is  applicable  to  concurrent  proc- 
essing of  digital  signals  using  convolutional 
codes  for  error  correction. 

A  convolutional  code  produces  encod- 
ed symbol  sequences  based  on  the  input 
information  bits  and  on  the  state  of  a  finite- 
state  machine  with  m  memory  cells.  The 
task  ot  the  decoding  algorithm  (Viterbi 
algorithm)  is  to  search  among  all  possible 
received  symbol  sequences,  which  are 
corrupted  by  errors,  and  select  the  most 
likely  transmitted  sequence.  Such  a 
machine  is  called  a  maximum-likelihood 
decoder. 

The  complexity  of  the  decoder  in- 
creases exponentially  with  m,  because  it  is 
necessary  to  compare  the  likelihoods  of  all 
possible  2m  sequences.  For  long  codes  (m 
>10),  a  single  microprocessor  is  inade- 
quate as  a  maximum-likelihood  decoder. 

A  multiple-microprocessor  system  can 
be  used  to  decode  long  codes.  In  a  concur- 
rent formulation,  it  is  necessary  to  divide 
the  algorithm  into  equal  parts,  to  share 
equally  the  resources  available  in  each 
processor,  and  to  minimize  the  communi- 
cation among  the  processors  so  that  only 
nearest  neighbors  need  to  exchange 
messages.  The  hypercube  configuration 
arises  from  topological  considerations 
concerning  the  equivalence  ot  networks:  it 
turns  out  that  a  maximum-likelihood 
decoder  can  be  constructed  by  con- 
necting the  processors  to  their  nearest 
neighbors  as  though  each  processor  was 
located  at  a  vertex  of  an  m-dimensional 
cube.  y 

Each  processor,  at  a  given  stage  k, 
receives  the  surviving  sequence  and  the 
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The  Efficiencies  of  Different  Decoder  Configurations  are  shown  as  functions  of  the  numoer  of 
processors.  The  hypercube  configuration  gives  the  greatest  speedup  for  maximunXiketihood 
decoding  of  long  convolutional  codes. 


accumulated  metric  (the  measure  of  the 
likelihood  of  the  surviving  sequence)  from 
its  neighbor  along  dimension  k  of  the 
hypercube.  In  practice,  about  5m  stages 
are  required  to  obtain  performance  close 
to  optimum.  This  corresponds  to  using  the 
m  dimensions  of  the  hypercube  five  times 
To  minimize  internode  communications, 
the  number  ot  stages  is  increased  slightly. 
enabling  the  input/output  operations  to  be 
simplified  and  the  decoded  bits  to  be  read 
out  at  node  zero  (the  origin  of  the  cube 
coordinate  system). 

The  decoding  operation  requires  that 
blocks  of  data  be  loaded  into  every  proc- 
essor. In  the  hypercube  network,  data  from 
the  host  processor  are  inserted  onlv 


through  node  zero  These  data  are  then 
broadcast  throughout  the  hypercube  by 
transmission  between  neighboring  nodes 

In  general,  when  the  number  of 
available  processors  2"  is  less  than  the 
number  of  states  in  the  decoo? 
states  can  be  assigned  to  each  pro- 
cessor 

The  efficiency,  rj.  of  a  paralet  architec- 
ture is  related  to  the  speedup  factor,  s,  and 
to  the  number  o<  processors.  N  r>  s  =  »jN 
The  figure  compares  the  eff-ce<v«s  o-' 
213-state  decoders  having  different  nter- 
connection  configurations,  each  decoder 
has  a  communication  tme  equal  to  the 
time  for  one  operation  The  nypercuoe 
configuration  exhtxts  the  greatest  effoen 
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cy  for  large  decoders.  Decoders  for  m  up 
to  14  have  been  tested  successfully  on  a 
64-node  hypercuDe  multiprocessor. 

This  work  was  done  by  Fabrizio  Pollara 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  is  the  invention  of  a  NASA  em- 
ployee, and  a  patent  application  has  been 


filed.  Inquiries  concerning  license  for  its 
commercial  development  may  be  ad- 
dressed to  the  inventor,  Mr.  Edward  Ansel! 
(CIT  Waiver),  Director  of  Patents  and 
Licensing,  California  Institute  of  Technolo- 
gy, Pasadena,  CA  91125.  Refer  to 
NPO-16724.fTN 


Jet  Propulsion  Laboratory 

Technology  Utilization  Manager: 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


MASATech  Brief 


Computer 
Software 


National  Aeronautic  S  ai  id 
Space  Administration 


Listing  Relationships 
Among  Subroutines 

Hierarchical  charts  of  sub- 
programs are  generated. 


The  HIERARCHY  program  is  a  tool  that 
assists  users  in  obtaining  information 
about  the  relationships  among  subroutines 
in  a  computer  program.  HIERARCHY  uses 
the  FORTRAN  source  code  and  load  maps 
generated  by  the  Cray  FORTRAN  compiler 
to  generate  tables  of  attributes  for  each 
module,  including  input  and  output  op- 
erations, entry  points,  arguments,  and 
NAMELISTs.  These  tables  also  describe 
the  relationships  of  modules  to  modules 
and  of  modules  to  COMMON'S. 


The  COMMON'S,  both  labeled  and  un- 
labeled, are  checked  for  consistent  length 
HIERARCHY  will  note  the  frequency  distri- 
bution of  calls  to  other  modules  and  library 
or  service  routines.  The  program  gener- 
ates an  optional  hierarchical  chart  ot  sub- 
programs to  show  how  they  relate  to  the 
main  program.  HIERARCHY  can  accom- 
modate programs  of  up  to  50  calls  deep. 

HIERARCHY  is  written  in  FORTRAN  77 
for  batch  execution  and  has  been  im- 
plemented on  a  Cray  X-MP  computer  op- 


erating unOer  COS  wrtn  a  centrai-memory 
requirement  of  aptxoximatety  133K 'octal) 
words.  This  program  *as  developed  t" 
1984 

This  program  was  wrnten  by  Qaylor 
Guest  of  Informatics  General  Corp  for 
Ames Research Center  ARC-iiSM  Th 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC* 

112  Barrow  Hall 

University  o(  Georgia 

Athens.  GA  30602 

(404)  542  3265 
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Electrotechnology 


530  Wrist  Radio  Receiver  Albws  Personnel  to  Assemble  Even  in  Rough 
Terrain 

531  Modular  Optical  Amplifier — A  multipass  device  amplifies  the  output  of  a 
laserwithout  being  excessively  long. 

532  Interface  States  in  MOS  Capacitors—  States  build  up  in  two  stages. 

533  Radiation-Hardened  Microcontroller 

534  High-Spatial-Resolution  Digital  Ultrasonic  Imaging  System —  Video-rate 
real-time  imaging  is  possible. 

535  Designing  dc  Inductors  With  Airgaps —  Optimal  parameters  are  obtained 
by  designing  near  the  saturation  point. 

536  Theory  of  Periodic-Binary-Sequence  Generators —  Algorithms  yield 
feedback  shift  registers  with  maximum  regularity. 

537  Effects  of  Radiation  on  Capacitor  Dielectrics —  Data  have  been  gatherea 
on  key  design  parameters. 

538  Reinforced  Masks  for  Ion  Plating  of  Solar  Cells —  Long  fingers  would  be 
held  more  rigidly.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

539  Microdiagnostics  for  Prototype  Instrumentation 

540  Step  Generator  Offers  Improved  Features 


U.S.  Army  Research 

Natick  RD&E  Center,  Natick,  MA  01760 


Wrist  Radio  Receiver  Allows  Personnel  to 
Assemble  Even  in  Rough  Terrain 


DROP  ZONE  ASSEMBLY 
AID  SYSTEM  (DZAAS) 

For  paratroopers  just  landing  on  a  drop  zone  in  the  middle  of  unfamiliar  territory, 
in  rough  terrain,  at  night  to  assemble  as  a  unit  as  quickly  as  possible  is  quite  a  feat 
considering  the  confusion  and  dispersion  that  may  occur.     Natick  Research, 
Development  &  Engineering  Center's  Aero-Mechanical  Engineering  Directorate,   working 
on  a  USA  Infantry  School  requirement,  is  developing  a  Drop  Zone  Assembly  Aid  system 
(DZAAS)  to  solve  a  problem  which  has  existed  for  four  decades. 

DZAAS  is  the  assembly  aid  system  that  has  been  likened  to  the  Dick  Tracy  wrisr 

radio.     It  is  comprised  of  a  rugged,  two-component  system--a  transmitter  and  a  receiver. 

The  transmitter  is  carried  by  an  airborne  group  leader  to  the  assembly  point  or  is 
placed  on  a  selected  airdrop  load  and  is  set  to  turn  on  automatically. 

The  receivers  are  wrist-mounted  with  antennas  that  pick  up  the  distinct  signal  from 
the  transmitter.     A  LED  light  will  turn  on  only  when  the  receiver  is  pointed  in  the 
direction  of  the  transmitter. 

According  to  Project  Officer,  George  Laliberte,  engineering  tests  at  the  Electronic 
Proving  Ground,  FT  Huachuca,  AZ  and  Yuma  Proving  Ground,   AZ   confirmed  that 
the  system  can  "expeditiously  locate  the  transmitter,  even  in  rough  terrain. 

At  FT  Benning,  GA  and  FT  Bragg,  NC,  where  the  operational  tests  took  place,  test 
reports  concluded  that  the  "system  appears  to  have  high  potential  for  impro\ 
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paratrooper  assembly  and  recovery  of  airdropped  equipment  loads  on  the  drop  zone 
in  the  required  1500  meter  range." 

Among  the  test  subjects  were  senior  officers  of  the  82nd  Airborne  Division.     Soldiers 
rated  the  DZAAS  as  "very  easy  to  use  in  locating  loads  at  night  and  simple  to  rig, 
operate  and  maintain."    They  preferred  the  DZAAS  over  assembly  aids  such    as  colored 
panels,  helmet  markings  and  strobe  and  chemical  lights  because  the  DZAAS  eliminates 
visibility  requirements. 

While  it  used  to  take  up  to  two  to  four  hours  to  assemble  an  assault  force,  it  now  takes 
only  30  minutes  on  unfamiliar  drop  zones  during  day  or  night. 

FOR  ADDITIONAL  INFORMATION; 

U.S.  Army  Natick  Research,  Development  & 
Engineering  Center,  Natick,  MA    01760 
(617)  651-4300/5340. 
Refer  to  No.  46-86/TN. 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1L161101A91A 


Filing  Code:  46C065 


Modular  Optical  Amplifier 

A  multipass  device  amplifies  the  output  of  a 
laser  without  being  excessively  long. 


An  investigation  by  the  U.S.  Army  Night  Vision 
and  Electro-Optics  Center  has  demonstrated  the 
feasibility  of  constructing  multipass  optical 
amplifier  modules  that  can  be  easily  attached  to 
existing  low-power  oscillators  such  as  those  in 
rangefinders.  The  attachment  of  such  a  module 
would  turn  a  rangefinder  into  a  crosswind  sensor  or 
a  designator  transmitter,  for  example.  The  module 
would  also  allow  the  shape  of  pulses  from  the 
oscillator  to  be  modified. 

The  new  device  is  not  just  a  simple  extension  of 
the  resonator  optical  cavity.  Clearly,  a  device  10 
times  as  long  as  the  present  rangefinder  transmit- 
ter would  be  unacceptable.  Instead,  the  device  is 
not  part  of  a  resonant  cavity.  It  is,  therefore, 
relatively  insensitive  to  alignment  —  much  less  so 
than  the  laser-rangefinder  oscillator  itself. 

Both  a  single-pass  and  triple-pass  oscillator- 
amplifier  module  (see  figure)  were  constructed  in 
the  investigation.  The  modules  were  transversely- 
excited  atmospheric  (TEA)  lasers  operating  at  a 
10.6-fim  wavelength. 

Various  preionization  schemes  were  con- 
sidered; of  them,  a  series-connected  sliding-arc  ar- 
rangement proved  to  be  the  most  satisfactory. 
Measurements  were  made  of  the  voltage  and  cur- 
rent waveforms  as  well  as  of  power,  energy,  and 
gain.  Significant  increases  of  peak  power  —  by  a 
factor  greater  than  2.5  —  and  a  10-percent  pulse 
narrowing  were  observed.  The  feasibility  of  the 
modular  device  was  thus  established. 

There  is  evidence  that  operation  above  atmos- 
pheric pressure  would  enhance  the  shortening  of 
the  pulses  and  boost  power  further.  It  might  even 
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A  Triple-Pass  Amplifier  consists  of  a  transversety  ex 
cited  atmospheric  laser.  The  electrodes,  in  the  forni  of  a 
series-connected  sliding-arc  arrangement,  preionize 
the  gas  in  the  laser. 


be  possible  to  select  a  specific  laser  spectral  line 

for  amplification  by  incorporating  a  grating  within 

the  amplifier. 
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Interface  States  in  MOS  Capacitors 

States  build  up  in  two  stages. 


A  study  has  examined  the  buildup  of  interface 
states  in  Al/Si02/Si  metal-oxide-semiconductor 
capacitors  after  exposure  to  pulsed  electron-beam 
irradiation.  The  study  by  Harry  Diamond  Labora- 
tories varied  the  polarity  and  magnitude  of  the  field 
across  the  oxide  during  the  two  stages  of  the  build- 
up —  the  early  (10  6  to  1  s)  and  late  (1  to  104  s) 
stages  (see  figure). 

An  empirical  model  of  radiation-induced  inter- 
face states  at  the  Si02/Si  interface  was  developed. 
The  formulation,  which  explicitly  addresses  the 
time-dependent  two-stage  nature  of  the  buildup 
process,  gives  the  mathematical  dependencies  of 
the  experimentally  observed  buildup  with  time, 
field,  temperature,  and  dose. 

The  study  found  that  many  experimental  obser- 
vations of  interface  states  generated  by  such 
stresses  as  holes  from  ionizing  radiation,  injected 
electrons,  and  high  electric  fields  can  be  explained 
by  a  two-stage  process.  The  first  stage  is  the  bulk 
release  of  a  mobile  species  by  the  action  of  the 
stressing  agent  (holes,  electrons,  and  high  fields). 
The  second,  long-term,  buildup  stage  is  associated 
with  the  drift  of  the  released  mobile  species  to  the 
interface,  where  a  subsequent  reaction  results  in 
the  observable  interface  states.  It  seems  likely  that 
the  mobile  species  is  a  water-related  ion  or  de- 
fect —  perhaps  H  +  in  the  case  of  ionizing  radia- 
tion. 

Project  officer  F.  Barry  McLean 
(202)  394-3070  or  AV  290-3070. 
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At  a  Predetermined  Time,  t8W,  the  oxide  field  is 
switched  from  1  to  5  MV/cm  (top).  The  resulting  increase 
in  Gray-Brown  shift  VGB  is  represented  by  the  solid  line 
(bottom).  The  dashed  line  is  a  calculation  of  the  expect- 
ed increase  in  VGB  based  on  details  of  hole  transport. 
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Technology  Application 


Radiation-Hardened  Microcontroller 

Sandia  National  Laboratories  and  Intel  Corporation 
have  entered  into  an  agreement  that  calls  for  the  Lata" 

Center  for  Radiation -Hardened  Microelectronics  K  'KM  i 
to  develop  a  radiation-tolerant  version  of  Intel's  HOC'51 
microcontroller. 

The  quarter-inch-square  CMOS  (complementary 
metal  oxide  semiconductor)  circuit,  with  2-micron  fea- 
ture sizes.  will  he  ahle  to  withstand  a  total  dose  exposure 
of  1  million  rads  of  ionizing  radiation.  10  times  more  than 
the  commercially  available  circuit.  A  rad  is  a  unit  ol 
radiation  energy  absorption.  A  whole  body  dose  <»t  about 
1,000  rads  is  typically  fatal  to  humans. 

The  new  very  large  scale  integrated  (VDSI)  circuit  will 
be  suitable  for  use  in  a  wider  variety  of  Department  ol 
Defense  and  Department  of  Knergv  applications  than  is 
the  current  device.  In  addition.  Sandia  researchers 
believe  that  the  radiation-hardened  80Cf)l,  which  will 
have  about  80,000  to  100,000  transistors,  could  have  a 
variety  of  weapon  control  and  space  applications  and 
that  it  also  could  be  adapted  for  use  in  nuclear  power 
plant  safety  systems. 

Could  activate  safety  operations 

"For  example,  sensors  could  provide  the  microcon- 
troller with  information  about  pressure  vessel  conditions 
in  a  nuclear  reactor,"  says  Wilson  Barnard.  super\  isor  ol 
Sandia's  Special  Processors  Division.  "The  microcon- 
troller then  could  activate  appropriate  safety  operations. 
if  conditions  warrant." 

Microcontrollers    incorporate    a    central     processing 
unit,  random  access  memory,  and  a  read-only  memor>  on 
a  single  VI  SI  circuit.  Designers  tailor  operations  lor  real 
time  processing  of  incoming  information  and  immediate 
activation  of  control  functions  based  on  that   informs 
tion.  Microcontrollers  have  a  more  sophisticated  logic 
decision  -making   capability    than    typical    microproces 
sors.  This  makes  them   more  appropriate  lor  rr.il  lime 
data  processing.  Additionally,  microprocessors  usually 
require  several  separate  (hips  to  make  a  system.   That 
increases  costs  and  can  reduce  reliability. 

The  agi cement  calls  lor  Intel  to  provide  Sandia  with 
its  logic  schematic  and  other  design  and  definition 
details. 

Prototype  ready  in  a  year 

With  that   information,  ("KM  researchers  will  then 
design  tin   new  version  and  produce  an  engineering  pro 
totype  before  the  vud  of  1987.  Plans  then  call  lor  the  first 
production  circuits  to  he  ready  a  year  later   Fabrication 
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will  be  either  at  the  fabrication  plant  of  a  commercial 
microelectronics  firm  or  at  the  CRM. 

In  return,  Sandia  will  supply  Intel  with  all  design  and 
fabrication  details  necessary  for  it  to  manufacture  the 
new  circuit. 

Radiation  hardening,  a  process  pioneered  about  15 
\cars  ago  at  Sandia,  involves  fabricating  circuits  in 
extremely  clean  surroundings  and  tailoring  the  chemical 
and  physical  processes  so  that  the  degrading  effects  of 
radiation  on  the  circuits  are  reduced. 

Other  keys  to  radiation-tolerant  processing  include 
the  use  of  low-temperature  processing  during  fabrication 
and  careful  circuit  design  techniques. 

Uses  static  logic  circuits 

[•Or  example,  Barnard  savs,  conversion  of  the  80C51  to 
a  radiation-hardened  device  will  involve  substituting 
static  logic  circuits  tor  the  original  dynamic  circuits,  and 
circuit  design  charges  that  will  permit  the  new  device  to 
operate  over  a  much  wider  transistor  performance  range 
than  the  current  version. 

Sandia's  interest  in  radiation-hardening  began  when 
scientists  noticed  that  communications  satellites  suf- 
fered performance  degradations  after  long  periods  in 
space. 

Researchers  have  since  determined  that  ionizing  radi- 
ation causes  a  buildup  of  unwanted  positive  and  negative 
electrical  charges  at  the  boundary  between  a  CMOS 
transistor's  silicon  substrate  and  its  adjacent  silicon 
dioxide  layer.  These  charges  reduce  a  transistor's  operat- 
ing speed,  meaning  that  a  microprocessor  will  not  be  able 
to  execute  instructions  at  the  required  speed. 

Sandia's  CRM  was  established  in  1981  for  researchers 
to  develop  technologies  and  design  capabilities  for  pro- 
duction of  large-scale  and  very  large-scale  ICs  capable  of 
operating  in  high-radiation  environments,  and  to  trans- 
fer those  capabilities  to  private  industry  for  commercial 
production. 
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High-Spatial-Resolution  Digital  Ultrasonic  Imaging  System 

Video-rate  real-time  imaging  is  possible. 


The  U.S.  Army  Armament  Research  and  De- 
velopment Center  has  designed  and  partially  proto- 
typed an  architecture  for  a  high-resolution 
256-channel  ultrasonic  imaging  system  (see 
figure).  This  system  was  designed  to  explore  the 
quality  of  the  images  produced  by  practical- 
trapped-energy-mode,  hybrid-trapped-energy- 
mode,  and  other  types  of  arrays. 

The  system  implements  a  256-channel  paranei 
set  of  analog-to-digital  and  digital-to-analog  con- 
verters for  attachment  to  an  arbitrary  array.  All  256 
channels  operate  simultaneously  at  a  maximum 
sampling  frequency  of  10  MHz.  Hence,  the  total 
throughput  of  sample  signals  reaches  2.5  billion 
samples  per  second  in  a  "burst  mode". 

The  multiple-ported  dynamic  random-access 
memory  (DRAM)  has  1  x  106  bytes  of  local  high- 
speed storage.  Because  all  of  the  input  and  output 
signals  are  in  digital  form,  a  wide  variety  of  image- 
processing  techniques  can  be  employed.  For  ex- 
ample, from  a  single  pulse,  it  is  possible  to 
reconstruct  the  two-dimensional  hologram  of  the 
ultrasonic  imaging  through  the  use  of  fast  digital 
hardware.  The  images  can  also  be  prepared  by 
pulse-echo  techniques,  using  the  same  system. 

Transmission  from  one  portion  of  the  array  and 
monitoring  the  signal  in  another  portion 
simultaneously  to  detect  interelement  coupling  is 
possible.  In  this  way,  all  of  the  key  array 
parameters  can  be  controlled  and  calibrated. 
Because  of  the  digital-to-analog  capability  of  the 
system,  various  signals  can  be  transmitted  from 
each  array  element,  thereby  permitting  focusing 
and  design  of  optimum  probing  signals. 
Project  officer  G.  Capsimalis 
(518)  266-5641  or  AV  974-5641. 
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A256-Channel  Ultrasonic  Imaging  System 
all  architecture  of  which  is  shown,  was  designed  to  *v 
vestigate  the  quality  of  the  images  resulting  from  energy 
trapping  as  a  means  of  enhancing  the  spatial  confre- 
ment  of  element  radiation  m  the  ultrasonic  array 
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National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Designing  dc  Inductors  With  Airgaps 

Optimal  parameters  are  obtained  by 
designing  near  the  saturation  point. 


An  iterative  procedure  aids  the  de- 
sign of  dc  inductors  with  airgaps  in  the 
cores  (see  figure).  For  a  given  core 
area  and  length,  the  technique  gives  a 
design  having  the  specified  inductance 
and  the  peak  flux  density  in  the  core, 
using  the  minimum  required  copper 
weight.  The  new  technique  is  superior 
to  the  previous  tiial-and-error  tech- 
nique, which  often  resulted  in  cores 
larger  than  necessary  or  in  less  induc- 
tance than  could  be  obtained  from  a 
core  of  given  size.  Typical  applications 
include  lightweight  inductors  for  air- 
craft electronics. 

The  new  approach  is  based  on  the 
full  use  of  the  core:  The  inductor  is 
designed  to  operate  at  the  saturation 
flux  density  of  the  core  material  (or  at 
another  maximum  flux  density  related 
to  the  saturation  value).  Subject  to  this 
constraint,  the  airgap  length,  g,  and  the 
number  of  turns,  N,  are  selected  to 
give  the  required  inductance,  L. 
Because  there  is  only  one  combination 
of  g  and  N  that  will  satisfy  the  induc- 
tance and  saturation  criteria  for  a 
given  core,  tne  procedure  quickly 
leads  to  an  optimal  design. 

The  procedure  depends  on  the  fact 
that  N/g  is  nearly  constant,  regardless  of 
variations  in  L,  for  practical  inductor 
dimensions  and  core  materials.  At  first, 
the  designer  knows  the  maximum  coil 
current,  I;  the  cross-sectional  core  area, 
A;  the  incremental  relative  permeability, 
/is,  of  the  core  material  at  the  operating 
point;  the  maximum  flux  density,  B;  the 
core  length,  m;  and  the  dc  relative 
permeability,  Us,  at  the  operating  point. 

The  first  step  is  to  select  a  trial 
airgap,  gr  (Typical  gap  sizes  lie  be- 
tween 0.01  and  0.25  cm.)  The  designer 
calculates  the  initial  value,  Fv  of  the 
fringing-flux   factor,    F:   This   factor 


N  Turns 
of  Wire 


SIDE  VIEW 


CORE-LENGTH  AND  AIRGAP 
DIMENSIONS 


Cross-Sectional 
Core  Area,  A 

SECTION  A-A 

This  Inductor  With  a  C-Shaped  Core  is  an  example  of  the  types  that  can  be  designed 
with  the  iterative  procedure. 

depends  on  g1  and  the  other  core        is  estimated  from  g2  =  g1L/L1.  The  pre- 
dimensions.  The  initial  number  of  turns 
is  then  determined  from 


N  = 


B(g1  +  m/Us 
(0.4nl)(F1) 


Next,  the  designer  calculates  the  initial 
inductance  from 

_  O.^N^AF^ 
9t  +  m/Ms 


h  = 


If  L1  differs  from  L  by  more  than  the 
tolerance,  then  a  second  airgap  length 


ceding  sequence  of  calculations  is 
then  repeated  to  find  F2,  N2,  and  L2. 
These  iterations  are  continued  until  the 
computed  inductance  is  sufficiently 
close  to  L.  Most  designs  require  one  to 
three  iterations  to  bring  the  inductance 
within  1  percent  of  L.  The  procedure 
can  be  executed  rapidly  on  a  program- 
mable, hand-held  calculator. 

This  work  was  done  by  Albert  P. 
Wagner  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO:  16739  /IN 
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Theory  of  Periodic-Binary- 
Sequence  Generators 

Algorithms  yield  feedback 
shift  registers  with 
maximum  regularity. 


A  report  provides  an  extensive  mathe- 
matical treatment  of  new  and  previous  re- 
sults related  to  the  generation  of  pseudo- 
noise  binary  sequences  by  feedback  shift 
registers.  The  generator  architectures  are 
amenable  to  efficient  implementation  in 
very-large-scale  integrated  (VLSI)  circuits. 
The  report  includes  literature  references  to 
appfications  of  such  sequences  in  random- 
number  generation,  radar,  VLSI  testing, 
data  encryption  and  decryption,  algebraic 
error-detection  and  error-correction  en- 
coding and  decoding,  and  feedback-shift- 
register  synthesis  of  sequential  machines. 

Polynomials  of  degree  r  over  a  Galois 
field  characteristic  2  [GF(2)]  represent  the 
behavior  of  shift  registers  with  linear  feed- 
back. The  object  of  the  report  is  the  algo- 
rithmic determination  of  the  trinomial  of 
lowest  degree,  when  it  exists,  that  contains 
a  given  irreducible  polynomial  over  GF(2) 
as  a  factor.  This  corresponds  to  embed- 
ding the  behavior  of  an  r-stage  shift  register 
with  linear-logic  feedback  into  that  of  an 
n-stage  shift  register  (n  usually  >  r)  with  a 
single  two-input  exclusive  OR  gate  in  its 
feedback  loop.  The  architecture  of  such 
feedback  shift  registers  has  maximum  reg- 
ularity (i.e.,  identical  cells),  with  intercell 
communications  serialized  to  a  maximum 
degree. 

Sections  1  and  2  of  the  report  contain  a 
thorough  exposition  of  background  materi- 
al on  Galois-field  algebra,  including  cyclo- 
tomic  theory.  Section  3  develops  logical- 
circuit  theory  of  feedback  shift  registers. 
Two  types  of  feedback  shift  registers  are 
considered.  The  state  behavior  of  shift 
registers  with  linear-logic  feedback  to  a 
single  stage  is  related  to  the  mathematical 
properties  of  the  characteristic  polynomial 
of  a  linear  recurrence  relationship  be- 
tween the  bit  being  fed  back  and  the  con- 
tent or  stages  contributing  to  the  feedback. 
The  state  behavior  of  shift  registers  with  in- 
terstage linear-logic  feedback  is  related  to 


successive  powers  of  the  inverse  of  the 
root  of  the  characteristic  polynomial.  A 
one-to-one  correspondence  between  the 
successive  states  of  two  types  of  feedback 
shift  registers  associated  with  the  same 
characteristic  polynomial  is  derived. 

The  extensive  collection  of  theorems 
and  lemmas  on  the  properties  of  classes  of 
polynomials  over  GF(2),  contained  in  Sec- 
tion 4,  are  the  principal  contributions  of  the 
report.  The  fruit  of  this  work,  presented  in 
Appendixes  B  and  C,  is  the  compilation  of 
polynomials  (primitive  and  irreducible  non- 
primitive)  and  trinomials  of  lowest  degree 
that,  respectively,  contain  the  foregoing 
polynomials  as  factors.  The  trinomials 
characterize  feedback  shift  registers  of 
maximum  regularity  and  linear-logic  feed- 
back circuitry  of  minimum  complexity  for 
generating  periodic  binary  sequences  as- 
sociated with  the  polynomial  factors. 

Number-theoretic  functions  including 
the  Euler  phi  function  and  the  Mobius  func- 
tion are  Drietly  discussed  in  Appendix  A  be- 
cause of  their  applicability  to  feedback 
shift-register  theory.  Appendix  B  exhaus- 
tively considers  primitive  polynomials  over 
GF(2)  through  degree  12.  It  is  proven  in 
Section  4  that  trinomials  exist  that  contain 
any  given  primitive  polynomial  as  a  factor. 
Furthermore  the  trinomial  of  lowest  degree 
is  square  free;  i.e.,  its  irreducible  factors 
are  distinct.  Irreducible  factors,  deter- 
mined by  Berlekamp's  factorization  algori- 
thm, of  each  (lowest  degree)  trinomial  of 
degree  less  than  70  containing  a  given 
primitive  polynomial  as  a  factor  are  listed. 
Within  the  list  are  factors  having  degrees 
as  high  as  52.  Also  noted  are  the  results  of 
testing  each  additional  factor  to  ascertain  if 
the  lowest -degree  trinomial  that  contains  a 
given  primitive  polynomial  (of  degree  12  or 
less)  is  also  the  lowest-degree  trinomial 
that  contains  the  factor  in  question.  This 
leads  to  the  extension  of  the  table  to  a  par- 
tial listing  of  primitive  pofynomials  of  de- 


gree 13  through  19  and  of  the  respective 
trinomial  that  contains  each  az  a  'eve 
Appendix  C  deals  with  irreducfote  non- 
primitive  pofynomials  over  GR2)  through 
degree  12.  In  contrast  to  primitive  poryno- 
mials,  there  are  many  irreducible  nonprirrv 
five  polynomials  that  are  not  a  factor  r>  ex- 
isting trinomials. 

In  Section  4,  a  sufficient  but  nonneces- 
sary  condition  is  proved  that  guarantees 
the  existence  of  one  or  more  tr  men-sate 
containing  a  given  irreduoole  nonorimftrve 
polynomial  as  a  factor.  Of  these  trnomials 
those  of  lowest  degree  are  square  'ree  As 
in  Appendix  B,  the  irreducible  'actors  of 
each  (lowest  degree)  trinomial  o'  degree 
less  than  70  are  listed.  Among  these  are 
factors  whose  degrees  are  as  high  as  56 
Also  noted  are  the  resufts  of  testing  each 
additional  factor  to  determine  if  the  trino- 
mial of  lowest  degree  containing  a  given  ir- 
reducible nonpnmitive  porynomiat  (o<  de- 
gree 12  or  less)  is  also  the  lowest  degree 
trinomial  to  contain  the  factor  in  question. 
The  tables  in  Appendixes  B  anc  C  enabte 
one  to  design  a  feedbac.K  shift  register  vwith 
a  single  two-inpui  exclusive  Ofi  gate  in  its 
feedback  to  generate  perxxfcc  binary  se- 
quences. The  structure  and  period  of  the 
sequence  are  governed  bv  the  mathemati- 
cal properties  of  the  characteristic  polyno- 
mial selected  from  the  taWes 

This  work  was  acre  o\  Marvin  Penman 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory  Further  ^formatior  ma,    ■ 
found  in  NASACR  1 75  <S& 

NSP].  "Period*:  Binan,  Sequence  oener 
afors.  Very  Large  Scale  ftegrated  (VLSI) 
Orcuits  Considerations 

Copies  may  be  purchased  fron  the 
National  Technical  Information  Sen/ice. 
Springfield.  Virgin*  40©; 

NPO-16628  t/v 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Effects  of  Radiation  on 
Capacitor  Dielectrics 

Data  have  been  gathered 
on  key  design  parameters. 


A  report  discusses  a  study  of  the 
electrical  and  mechanical  properties 
of  irradiated  polymer  dielectric 
materials.  These  data  were  compiled 
for  use  by  designers  of  high-energy- 
density  capacitors  that  operate  in  the 
presence  of  ionizing  radiation. 

The  study  focused  on  polycar- 
bonates, polyetheretherketones, 
polymethylpentenes,  polyimides  (in- 
cluding polyetherimide),  polyolefins, 
polysulfones  (including  polyether- 
sulfone  and  polyphenylsulfone),  and 
polyvinylidene  fluorides.  The  properties 
considered  were  the  dielectric  loss 
factor  or  loss  tangent,  tensile  strength, 
dissipation  factor,  volume  resistivity, 
surface  resistivity,  dielectric  constant, 
gas  evolution  (during  irradiation),  and 
mechanical-strength  parameters.  Re- 
cent test  data,  previously  unpublished, 


were  obtained  from  Doth  foreign  ana 
domestic  industry  sources.  Measure- 
ments of  properties  before,  during,  and 
after  irradiation  were  sought.  Radiation 
doses  from  zero  to  as  much  as  1010 
rad  were  considered. 

The  data  are  presented  in  tables, 
graphs,  and  in  text.  The  report  also  in- 
cludes references  to  the  published 
literature,  diagrams  of  the  molecular 
structures  of  the  polymers  studied, 
definitions  of  abbreviations,  and  a 
glossary. 

On  the  basis  of  the  compiled  data, 
the  study  reached  the  following  conclu- 
sions: 

•The  polyetheretherketones,  polymethyl- 
pentenes, polyimides,  and  polysulfones 
retain  their  mechanical  strengths  at  the 
highest  radiation  levels. 
•  The  lowest  dissipation  factors  were  ex- 


hibited Dy  polyetheretherketones,  poly- 
methylpentenes, and  polyimides. 

•  Polyethylene  and  polypropylene  should 
probably  not  be  used,  because  they  emit 
undesirable  amounts  of  gases  when  ir- 
radiated. 

•  Of  the  materials  studied,  the  polyimides 
and  polyetheretherketones  are  the  best 
materials  for  use  in  high  energy-density 
capacitors. 

This  work  was  done  by  Frank  L 
Bouquet,  Robert  B.  Somoano,  and 
Peter  O.  Frickland  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Dielectric  Materials  for  High  Energy 
Density  Capacitors,"  NPO-1b/61/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Reinforced  Masks  for  Ion  Plating  of  Solar  Cells 

Long  fingers  would  be  held  more  rigidly. 


A  proposed  mask  for  the  ion  plating  of 
surface  electrodes  on  silicon  solar  cells 
would  be  reinforced  to  hold  its  shape  bet- 
ter during  handling.  The  need  for  rein- 
forcement arises  in  a  typical  conventional 
mask  (see  Figure  1),  because  it  includes 
long  fingers  that  are  unsupported  at  their 
ends. 

The  fabrication  process  for  the  im- 
proved mask  would  be  similar  to  that  ofa 
conventional  mask.  However,  additional 
cuts  and  bends  would  be  made  in  the 
wide  diametral  strip  (see  Figure  2)  to 
form  bridges  between  pairs  of  mask 
fingers  facing  each  other  across  this 
strip.  The  bridges  would  be  high  enough 
not  to  act  as  masks  so  that  the  entire 
strip  area  would  still  be  plated. 

This  work  was  done  by  William  R. 
Conley,  E.  Grant  Swick,  and  Jack  C. 
Volkers  of  Illinois  Tool  Works,  Inc.,  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-16417/TN 
Jet  Propulsion  Laboratory 
Technology  Utilization  Manager: 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Figure  1.  A  Typical  Conventional  Mask  s 

made  from  a  thin  sheet  c'  steel  by  cutting 
out  parallel  narrow  grooves  and  a  »:?• 
perpendicular  stnp  The  e"*s  c'  :Ke  re"~a  ~ 
ing  metal  strips  at  the  edge  o*  the  *  re 
cutout  strip  are  unsupported 
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AFTER  BENDING 


Figure  2.  The  Reinforced  Meek  is  cut  so 
that  nesting  bridges  of  metal  are  formed 
across  the  wide  cutout  strip,  connecting  the 
ends  of  the  remaining  metal  strips.  The 
bridges  are  then  bent  out  of  the  mask  plane. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Microdiagnostics  for  Prototype 
Instrumentation 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/nC/EG-86/111 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


Research  has  resulted  in  a  diagnostic 
technique  called  microdiagnostics,  which 
enables  a  digital  microprocessor-based 
electronic  instrument  to  test  all  or  part 
of  itself  with  little  user  interaction  and 
without  the  need  of  external  test  equip- 
ment. 

Microdiagnostics  is  presented  as  a  set 
of  design  rules  and  guidelines  which  assist 
the  design -engineer  in  implementing  au- 
tomatic fault  diagnostics  into  his  designs. 
Microdiagnostics  allows  the  user  of  an 
electronic  system  to  locate  and  repair  hard 
system  faults  by  stimulating  the  system  un- 
der test,  compressing  the  resulting  test 
data,  and  presenting  the  test  results  to  the 
user  in  simple,  meaningful  messages. 

Microdiagnostics  utilizes  the  resources 
of  the  existing  central  processing  unit  to 
make  all  test  decisions.  These  decisions 
are  based  on  a  data  compression  tech- 
nique known  as  signature  analysis.  Fault 
location  consists  of  comparing  good  sig- 
natures obtained  from  a  known  good  cir- 
cuit with  measured  signatures  of  an 
identical  system  under  test.  If  key  signa- 
tures on  the  circuit  under  test  match  the 
good  signatures,  the  circuit  is  assumed  to 
be  fault  free.   If  any  signatures  do   not 


match  the  ones  produced  by  a  known 
good  circuit,  the  circuit  under  test  has 
failed  and  a  fault  backtracking  algorithm 
is  automatically  executed  to  isolate  the 
fault.  Microdiagnostics  does  not  use  an 
external  signature  analyzer  but  implements 
signature  analysis  as  part  of  the  system 
software. 

A  system  that  uses  microdiagnostics  be- 
comes an  "expert  system"  which  automat- 
ically directs  the  user  through  the  fault 
detection  process  until  a  fault  is  isolated 
Microdiagnostics  frees  the  troubleshooter 
from  dependence  on  schematics,  wire 
lists,  and  signature  tables 

Microdiagnostics  can  be  built  into  a  sys- 
tem to  improve  reliability,  availability,  and 
maintainability;  to  reduce  downtime,  to  ex- 
tend operational  lifetime;  to  lower  main- 
tenance costs;  and  to  eliminate  the  neec 
of  an  expert  to  accomplish  repair  Empir- 
ical fault  coverage  data  indicate  that 
around  95%  of  the  single  stuck-at-faults 
can  be  detected  by  using  microdiagnos- 
tics. 

The  technique  is  applicable  to  a  wide 
variety  of  microprocessor-based  instru- 
ments and  controls. 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

Microdiagnostics  for  Prototype  Instrumentation 
Report  number:  EGG-EA-709 1  /NAB 
Order  number:  DE86005320/NAB 
Price:  $16.95 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


For  additional  information,  contact 
J.  M  Welch 
EGSG  Idaho.  Inc. 
PO  Box  1625 
Idaho  Falls.  ID  834 1 5 

Telephone  No    (208)  526-83 1 8 
or 

Gary  C  Bergeson 
EGSG  Idaho.  Inc 
PO  Box  1625 
Idaho  Fails.  ID  834 15 

Telephone  No    (208)  526  82 1 1 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Galthersburg,  MD  20899 


Step  Generator  Offers  Improved  Features 

Three  NBS  researchers  have  developed  a  calibration  standard 
for  transient  waveform  recorders  that  is  an  improvement  over 
existing  commercial  instruments  in  either  accuracy  or  varia- 
bility of  voltage  levels.    Transient  waveform  recorders  are  used 
to  measure  rapid  voltage  pulses  in  applications  such  as  research 
into  automotive  engine  performance  or  the  testing  of  electric 
power  equipment  for  its  vulnerability  to  lightning.    These  instru- 
ments  also  play  key  roles  in  nuclear  fusion  research  and  weapons 
testing.    The  device  generates  precise,  fully  programmable  voltage 
steps  which  exhibit  fast  transitions  and  exceptionally  smooth 
settling  to  the  final  voltage  value. 

FOR  ADDITIONAL  INFORMATION:    Technical  details  about  the 
step  generator's  design  are  available  from  T.  Michael  Souders, 
B162  Metrology  Building,  National  Bureau  of  Standards,  Gaithers- 
burg,  MD  20899;  (301)  975-2406. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  65801 A 


Filing  Code    9700*8 


Miniature  Thermal  Battery 

Component  matches  performance 
of  larger  units. 
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A  Pyrotechnic  Starter  is  at  the  center  of  a  stack  of  cells.  When  the  starter  is  fired,  it  heats  the  cells.  The  frozen  ete 
lyte  melts,  and  the  cells  can  release  their  stored  electrical  energy. 


The  PS1 32  thermal  battery  is  on»  i  of  the  smallest 
batteries  of  its  kind  capable  of  meeting  its  cm  rent, 
voltage,  and  lifetime  requirements.  The  battery,  de- 
veloped at  the  U.S.  Army  Harry  Diamond  Labora- 
tories, uses  a  Ca/LiCI-KCI  eutectic-Si02/CaCr04 
electrochemical  system  with  pressed-pellet  tech- 
nology. 

The  electrolyte  is  frozen  solid  at  all  anticipated 
storage  temperatures  ( -  54  to  +  -  4  °C):  therefore 
the  cells  remain  chemically  inert  during  storage. 
No  significant  chemical  degradation  occurs  during 
extended  storage  —  as  long  as  2b  years.  When  a 
thermal  battery  is  to  be  activated  (see  figure),  a 
pyrotechnic  heat  source  within  each  cell  raises  the 
cell  temperature  to  400  to  600  °C,  the  frozen  elec- 
trolyte melts,  and  the  battery  operates  like  any 
other  voltaic  battery  system  until  the  cells  cool 

Four  hundred  PS132  batteries  nave  been  built 
and  tested.  Each  battery  is  required  to  deliver  18  to 


26  V  and  to  operate  at  a  current  of  15  mA  for  120 
seconds  and  deliver  brief  Dulses  of  1  to  2  5  A  for 
millisecond  periods.  It  is  packaged  as  a  r  ght  cir- 
cular cylinder  1.625  in  (4.13  cm)  in  diameter  ana 
1.5  in.  (3.8  cm)  tall  Its  small  size  and  relative:, 
life  are  made  possible  by  using  thin  electrochemi- 
cal cells,  low  current  densitv  and  a  high  maximum 
cell-operating  temperature 
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Advanced  Research  and  Technology 
Development— Low-Rank  Coal  Physical 
Properties,  Moisture,  and  Distribution  of 
Inorganics 

This  technical  note  was  based  on  an  Application  Assessment  Record  from  the 
Morgantown  Energy  Technology  Center.  Office  of  Fossil  Energy,  for  the  U.S. 
Department  of  Energy. 


DOE/TIC/EG-86/072 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


IIECC 

Morgantown  Energy 
Technology  Center 


Technology  Description.  The  program 
objectives  are  to  provide  information  on 
the  properties  of  low-rank  coal  applicable 
to  its  preparation,  handling,  and  combus- 
tion. Information  is  being  developed  on 
mechanical  properties,  distribution  of  wa- 
ter before  and  after  drying,  the  inorganic 
species  that  affect  coal,  combustion  rates 
and  temperatures  of  low-rank  coal  par- 
ticles, adherence  of  low-rank  coal  fly  ash 
to  heat-exchange  surfaces,  and  oxidation 
rates  and  explosive  limits  of  low-rank  coal 
dust. 

Specific  tasks  will  address  bulk  prop- 
erties, particle  hardness,  structural  order, 
chemical  fractionation,  geochemical  re- 
lations between  coal  inorganics  and  the 
geological  environment,  moisture  sorp- 
tion rates,  shrinking  and  swelling,  pore 
size  distribution,  and  evaluation  of  organic 
functional  groups.  Bulk  properties  to  be 
investigated  include  shear  strength  of 
coal  and  coke,  thermal  and  mechanical 
friability,  and  packed-bed  permeability. 
Particle  hardness,  which  affects  erosion 
behavior,  will  be  given  a  numerical  rank- 
ing. Extended  analytical  procedures  to 
chemically  fractionate  inorganic  species 
will  be  developed.  Moisture  sorption  rates 
will  be  evaluated  microscopically  and  by 
low-angle  X-ray  scattering.  Organic  func- 


tional groups  will  be  analyzed  to  deter- 
mine their  dependence  on  thermal  history 
and  their  role  in  binding  inorganics.  This 
research  will  identify  fundamental  miner- 
alogy and  chemical  compositions  of  par- 
ticulate ash.  temperature  profiles,  and 
factors  affecting  carbon  burnout. 

The  composition  and  strength  of  fly  ash 
deposits  on  flat  plate  alloys  will  be  de- 
termined as  a  function  of  temperature 
and  combustion  atmosphere.  Flame  prop- 
agation rates  and  coal  surface  reactivity 
will  be  obtained  for  finely  divided  lignite 
and  subbituminous  coal.  The  electrical  be- 
havior of  low-rank  coal  particles  will  be 
examined  by  studying  their  dielectric 
behavior,  capacitance,  and  surface 
characteristics. 

Why  Is  This  Better  Than  Existing  Tech- 
nology? This  data  base  provides  the  low- 
rank  coal  property  data,  currently  not 
available,  that  are  important  to  coal 
utilization. 

Stage  of  Development.  Basic  science. 

Potential  Uses  and  Spinoffs.  Possible 
applications  are  improved  design  of  coal 
feed  and  combustion  systems,  selective 
coal  mining,  effective  thermal  dewatering 
of  coal,  and  development  of  analytical 
methods. 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

C   Tye.  R.  M.  Neumann,  and  H.  H.  Schobert. 

The  Uses  of  Dielectric  Spectra  and 

Immersional  Calonmetry  in  the 

Characterization  of  Low-Rank  Coals.  ACS  Fuel 

Division  Preprints. 
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ecovenng  Heavy  Oil  by  Carbon  Dioxide  office  of  scientific  and 

—  ,  •         -i    i        ■-■  ■■  TECHNICAL  INFORMATION 

Gas  Immiscible  Flooding 

This  technical  note  was  based  on  research  conducted  by  the  National  Institute 
for  Petroleum  and  Energy  Research  for  the  U.S.  Department  of  Energy. 


National  Institute 
for  Petroleum  and 
Energy  Research 


Gas  displacement  methods  of  enhanced 
oil  recovery  (EOR)  include  two  types  of 
processes:  miscible  and  immiscible.  In  mis- 
cible  recovery  the  injected  gas  (hydrocar- 
bon, C02  and  N2)  dissolves  completely  in 
the  oil  and  thus  creates  a  low-viscosity 
fluid  that  can  be  driven  to  producing  wells 
However,  miscibility  cannot  be  achieved  if 
the  crude  contains  a  high  percentage  of 
heavy  hydrocarbons  or  if  the  reservoir  pres- 
sure is  lower  than  the  minimum  miscibility 
pressure. 

Immiscible  gas  displacement  does  not 
require  that  the  injected  gas  and  crude  oil 
mix  become  a  single  phase.  It  requires 
only  that  the  oil's  viscosity  be  reduced 
enough  to  allow  efficient  mobilization 
through  the  reservoir  to  producing  wells. 
That  carbon  dioxide  has  excellent  viscosity 
reducing  properties  is  known,  but  more 
information  is  needed  about  the  effect  on 
overall  oil  recovery.  The  scarcity  of  pub- 
lished work  on  immiscible  displacement 
indicates  a  severe  lack  of  knowledge  about 
the  immiscible  gas  displacement  process 

NIPER  Research.  At  the  National  Insti- 
tute for  Petroleum  and  Energy  Research 
(NIPER),  research  scientists  and  engineers 
have  extended  research  on  the  large  de- 
posits of  extant  heavy  oil  in  U.S.  reservoirs 
beyond  the  reach  of  curreni  enhanced  oil 
recovery  (EOR)  technology 

Through  support  from  the  Department 
of  Energy  and  industry.  NIPER  began  a  3- 
year  research  program  on  gas  displace- 
ment methods  in  fiscal  year  1985  to  im- 
prove the  recovery  efficiency  of  the  carbon 
dioxide  immiscible  gas  displacement  pro- 
cess by  developing  more  effective  injec- 
tion strategies.  During  the  first  year  the 
research  was  focused  on  the  study  of  im- 
miscible displacement  mechanisms  and 
methods  of  predicting  oil  viscosity  reduc- 
tion and  carbon  dioxide  solubility 

During  the  second  year  (fiscal  year 
1  986)  work  is  being  devoted  to  laboratory 
coreflood  tests  to  investigate  the  recovery 
efficiency  for  various  injection  schemes- 
continuous  carbon  dioxide  injection,  ca'r- 
bon  dioxide/water  (WAG)  or  water  alter- 


nating with  gas  injection,  cyclic  carbon 
dioxide  injection,  and  carbon  dioxide/hot- 
water  alternate  injection 

Coreflood  tests  are  being  continued 
while  the  research  team  develops  im- 
proved screening  criteria  for  carbon  diox- 
ide application  basea  on  computer 
modeling  of  the  carbon  dioxide  flooding 
process  in  varied  types  of  reservoirs  Spe- 
cial coreflood  tests  are  being  performed 
using  nitrogen  m  come. nation  with  carbon 
dioxide  to  investigate  tne  effect  of  nitrogen 
on  the  recovery  efficiency  of  CO2  immis- 
cible displacement  In  addition,  experi- 
ments are  being  performed  to  determine 
the  effects  of  temperature,  pressure,  ana 
water  saturation  on  recovery  efficiency  All 
the  carbon  dioxide  injection  strategies  in 
this  research  at  NIPER  are  directed  toward 
a  single  objective  efficient  mobilization  of 
heavy  oil 

The  Technology.  Carbon  dioxide  immis- 
cible flooding  has  been  effective  in  pro- 
ducing heavy  oil  m  arge-scale  field  tests 
in  California.  Arkansas.  Mississippi,  and 
Texas  The  crude  oils  from  these  fields  are 
heavy— below  25  degrees  American  Pe- 
troleum Institute  (API)  gravity  Carbon  di- 
oxide was  successfu  y  used  m  these  *  ■ 
tests  because  it  triggers  several  mecha- 
nisms that  result  in  crude  oil  displacement 

Viscosity  reduction  is  the  primary  mech- 
anism m  the  practical  mobilization  of 
heavy  oil  by  carbon  dioxide  injection  Oil 
viscosity  for  nine  heaw  crudes  (10  to  22 
degrees  API  gravity)  ""as  bee~  -ea 

with  and  without  CO;  saturation  The  re- 
sults showed  that  a  reduction  of  one  to 
two  orders  of  magnitude  of  original  on 
cosity  can  be  achieved  when  oil  <s  satu- 
rated with  carbon  dioxide  at  pre- 
above  1000  psi  A  correlation  for  predict- 
ing viscosity  reduction  for  carbon  dioxide 
flooding  process  design  and  for  numerical 
modeling  has  been  developed 

The  solubility  of  carbon  dioxide  in  crude 
oil  is  also  an  important  mechanism  m  the 
carbon  dioxide  flooding  process  NIPER  in- 
vestigators found  that,  by  saturating  the 
reservoir  oil  with  carbon  dioxide  at  high 
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pressure  and  then  reducing  the  pressure, 
released  gas  would  expand  and  push  the 
oil  out  of  the  pores  in  the  reservoir  rock 

Another  characteristic  of  carbon  dioxide 
is  its  ability  to  extract  heavy  hydrocarbons 
from  crude  oil.  This  mechanism  allows  oil 
trapped  in  dead-end  pores  to  be  recovered 
and  reduces  carbon  dioxide  mobility 
through  the  reservoir  Also,  the  carbon  di- 
oxide gas  can  be  recovered  from  the  pro- 
duced field  and  reinjected  into  the 
reservoir 

Heavy  Oil  Resource.  Estimates  of  orig- 
inal oil-m-place  deposits  of  heavy  oil  in 
US  reservoirs  range  from  85  to  110  bil- 
lion barrels.  The  largest  deposits  are  in 
California  and  Alaska,  but  heavy  01!  exists 
in  other  parts  of  the  country,  including 
the  Mid-Continent  Sizeable  heavy  oil  ac- 
cumulations are  m  the  tn-state  area  of 
Oklahoma.  Kansas,  and  Missouri 

Generally,  heavy  oil  refers  to  a  crude  oil 
having  an  API  gravity  lower  than  20  de- 
grees. Consisting  of  a  high  percentage  of 
asphaltenes.  heavy  oil  is  highly  viscous. 
dark,  and  resists  mobilization  For  heavy 
oil  to  be  made  less  viscous,  and  thus  more 


mobile,  its  chemical  or  physical  properties 
must  be  changed 

In  the  large  oilfields  of  California's  Kern 
County,  which  produces  most  of  the  heavy 
oil  in  the  United  States,  heat  is  used  as 
the  viscosity  reducing  agent  Steamflood- 
mg  and  in  situ  combustion  account  for 
production  of  some  400.000  barrels  of 
heavy  oil  per  day.  but  both  of  these  ther- 
mal recovery  methods  have  disaavantages. 
Steamfloodmg  is  expensive,  subject  to 
stringent  air  pollution  laws,  ana  not  cur- 
rently amenable  to  deep  reservoirs.  In  situ 
combustion  and  steamfloodmg  can  burn 
up  profit  margins  by  using  as  much  as  a 
third  of  the  oil-m-place  as  fuel  (or  that 
equivalent)  for  the  recovery  process. 

The  vast  disparity  between  the  amount 
of  heavy  oil  available  and  the  amount  pro- 
duced indicates  that  alternate  technolo- 
gies are  needed  to  fully  exploit  the 
resource  Carbon  dioxide  immiscible  dis- 
placement, considered  to  be  an  effective 
and  less  expensive  process  for  heavy  oil 
recovery  than  thermal  methoas.  may  be 
the  key  to  unlocking  the  door  to  econom- 
ical heavy  oii  production 
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Energy  from  Biomass:  Building  on  a  Generic 
Technology  Base 

This  technical  note  was  based  on  research  conducted  by  Argonne  National 
Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/154 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


Argonne  National 
Laboratory 


The  fourth  in  a  series  of  technical  re- 
view meetings  was  held  in  Phoenix,  Ari- 
zona. The  report  contains  technical  pa- 
pers presented  to  the  participants. 

The  purpose  of  the  series  was  to  spur 
further  expansion  of  the  biomass  energy 
industry  by  communicating  results,  capa- 
bilities, and  needs  to  researchers,  produc- 
ers of  biomass.  and  users  of  biomass 
energy.  Significant  developments  have  oc- 
curred in  the  biomass  energy  field  in  the 
past  decade,  and  progress  continues  as 
a  result  of  further  projects.  This  meeting 
focused    on    the    southwestern    United 


States,  including  the  seven  Sunbelt  States 
and  Hawaii.  The  technical  papers  critically 
assessed  the  resource  availability  and  con- 
straints in  the  southwest,  the  selection  of 
biomass  species  to  be  grown  for  energy 
and  materials  applications,  and  conversion 
technologies. 
Major  topics  dealt  with  are: 

(1)  Potential  of  Biomass  Energy  in  The 
Southwest 

(2)  Economics  of  Fuel  Cycles  and  Sup- 
ply 

(3)  Conversion  Systems 

(4)  Case  Studies 
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Small-Hydropower  Development:  The 
Process,  Pitfalls,  and  Experience: 
Guide  for  Developers 

This  technical  note  was  based  on  research  sponsored  by  the  U.S.  Department  of 
Energy.  Idaho  Operations  Office,  and  the  Electric  Power  Research  Institute. 


D0E/TiC/EG-86/156 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


Because  of  the  sudden  economic  ad- 
vantage of  hydroelectric  power  after  the 
rise  in  oil  prices  in  the  1970's.  many  of 
those  attempting  to  develop  small-hydro- 
power  sites  were  unfamiliar  with  the  gov- 
ernment requirements  and  the  develop- 
mental procedures  necessary  to  take  a 
project  from  conception  to  commercial  op- 
eration. Small-Hydropower  Development: 
The  Process.  Pitfalls,  and  Experience,  Vol- 
ume 4:  Guide  for  Developers,  provides 
guidelines  for  developers  of  such  projects. 
Since  the  material  is  presented  systemat- 
ically, less-experienced  technical  person- 
nel as  well  as  nontechnical  developers  can 


use  it  easily.  The  general  procedural  out- 
line of  the  volume  will  never  lose  its  cur- 
rency. However,  because  government 
regulations,  tax  law,  the  energy  market- 
place, and  economic  conditions  change 
continually,  some  of  the  information  and 
suggestions  will  become  dated.  They  must 
always  be  viewed  in  the  light  of  contem- 
porary development  climate. 

The  other  three  volumes  summarize  and 
analyze  240  feasibility  studies  (Volume  1 ), 
41  license  applications  (Volume  2),  and 
1  7  completed  constructions  projects  (Vol- 
ume 3,  forthcoming). 
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Fuel-Cell  Structure  Prevents  Membrane  Drying 

Embossed  plates  direct  flows  of  reactants  and  coolant. 


Cation-Exchanging 
Membranes 


Hydrogen 
Inlet 


Coolant 
Inlet 


Cathode-Side 
Plate 


Bipolar 
Separator 


Cathode 
Chamber 


Coolant-Flow 
Plate 


Embossed 

Cathode-Side 
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Coolant-Flo* 

Plate 


GrapMite 
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The  Fuel-Cell  Battery  Includes  a  series  of  membranes  and  separators.  The  anode  graphite  sheets,  which  support  the  ceil  membrane,  do  not 
appear  In  this  view.  The  bottom  part  of  the  figure  shows  the  Internal  structure  of  a  separator  In  cross  section. 
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A  membrane-type  fuel-cell  battery  has  improved  reactant 
flow  and  heat  removal.  The  compact,  lightweight  battery 
can  produce  high  current  and  power  without  drying  of  its 
membranes. 

The  battery  consists  of  a  series  of  fuel  cells  (see  figure), 
each  of  which  contains  a  cation-exchanging  membrane 
between  internally  cooled  bipolar  separators.  An  anode 
is  attached  to  one  side  of  a  membrane;  the  anode  is  an 
aggregate  of  liquid-  and  gas-pervious  catalytic  particles 
in  a  polymeric  binder.  A  pervious  cathode  is  bonded  to 
the  other  side  of  a  membrane;  it  too  is  composed  of 
catalytic  and  binder  particles. 

The  bipolar  separators  on  opposite  sides  of  a  membrane 
form  an  anode  chamber  and  a  cathode  chamber.  Hydro- 
gen gas  is  oxidized  at  the  anode,  releasing  electrons  to 
an  external  load  circuit.  The  hydrogen  ions  thus  created 
pass  through  the  membrane  to  the  cathode,  where  oxygen 
and  electrons  react  with  the  hydrogen  ions  to  form  water. 
The  water  product  collects  at  the  bottom  of  the  cell,  where 
it  drains  away  through  the  oxygen-outlet  manifold.  (Fuel/ 
oxider  combinations  other  than  hydrogen/oxygen  may  be 
used.  The  reactants  may  be  hydrogen/chlorine  or 
hydrogen/bromine,  for  example.) 

Oxygen  enters  the  cathode  chamber  through  an  inlet  at 
the  top  of  the  bipolar  separator.  Hydrogen  enters  the 
anode  chamber  through  an  inlet  at  a  corner  of  the  separator. 
In  the  new  fuel-cell  configuration,  the  separator  contains 
embossed  plates  on  its  opposite  faces  to  guide  the  flowing 
gases—  hydrogen  on  the  anode  side  and  oxygen  on  the 
cathode  side.  The  plates  distribute  the  gases  uniformly  for 
efficient  reaction. 

A  coolant  plate  between  the  anode-side  and  cathode-side 
plates  forms  two  adjacent  chambers  through  which  coolant 
flows.  The  cathode-side  plate  is  made  of  niobium,  5  mils 
(0.13  mm)  thick.  The  anode-side  plate  is  made  of  zircon- 
ium, which  is  resistant  to  embrittlement  by  the  hydrogen 


flowing  over  it.  The  coolant  plate  is  made  of  titanium. 
The  three  plates  are  held  together  by  the  frame  of  the 
separator.  The  concave  bumps  embossed  in  the  coolant 
plate  on  the  cathode  side  tend  to  collect  coolant,  so  that 
flow  there  is  slower  and  removes  less  heat  than  does  the 
flow  along  the  anode  side.  The  anode  side  of  the  cell 
membrane  is  therefore  maintained  at  a  temperature  lower 
than  that  of  the  cathode  side. 

The  effect  of  this  temperature  differential  is  to  prevent 
drying  of  the  hydrogen  side  of  the  membrane.  Without 
the  differential,  as  hydrogen  is  oxidized  the  resulting 
hydrogen  ions  move  through  the  membrane,  carrying 
molecules  of  membrane  water  with  them.  Because  each 
hydrogen  ion  can  carry  eight  to  ten  water  molecules  with 
it,  the  water  on  the  fuel  side  can  quickly  become  de- 
pleted. This  drying  effect,  which  is  aggravated  as  the  battery 
power  output  — and  hence  the  cell  current  density  — 
increases,  can  limit  the  maximum  power  output. 

With  the  temperature  differential,  however,  water  dif- 
fuses from  the  warmer  cathode  to  the  cooler  anode.  This 
reverse  diffusion  compensates  for  the  loss  of  water  on 
the  fuel  side. 

This  work  was  done  by  James  McElroy  of  General 
Electric  Co.  for  Johnson  Space  Center. 

Inquiries  concerning  rights  for  the  commercial  use  of 
this  invention  should  be  addressed  to  the  Patent  Counsel, 
Johnson  Space  Center  Refer  to  MSC-  21031  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C.  Glenn 
Mail  Code  AL32 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Marvin  F.  Matthews 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Liquid-Hydrogen 
Polygeneration  System 

The  system  utilizes  coal  as 
an  alternate  chemical  feed- 
stock. 


A  polygeneration  system  would  use  ex- 
isting technology  in  an  integrated  proc- 
ess to  produce  liquid  hydrogen  space- 
vehicle  propellant  and  such  important 
secondary  products  as  gaseous  nitrogen, 
electrical  energy,  and  thermal  energy. 
The  system  can  make  the  commercial 
launch  services  economically  attractive 
against  future  competition.  The  system 
could  lower  the  expected  cost  of  liquid 
hydrogen  by  utilizing  relatively  cheap 
coal  feedstocks  and  by  reducing  the  elec- 
trical costs  associated  with  producing  li- 
quid hydrogen. 

The  integrated  process  includes  a 
coal-gasification  and  gas-cleanup  sys- 
tem, a  combined-cycle  power-generation 
system,  a  hydrogen-production/liquefac- 
tion system,  and  an  air-separation  sys- 
tem. A  clean,  medium-BTU  gas  is  produced 
by  the  coal-gasification  system  and  is  de- 


livered to  the  power-generation  system 
and  the  hydrogen-production/liquefaction 
system. 

Steam,  produced  in  the  coal-gasifica- 
tion process,  is  delivered  to  a  steam  tur- 
bine combined  with  a  gas  turbine,  to 
which  the  gas  is  delivered,  to  generate 
electrical  and  thermal  power  in  a  com- 
bined-cycle power-generation  process. 
Steam  from  the  coal-gasification  process 
is  also  delivered  to  a  shift-conversion  unit 
in  the  hydrogen-production  system  to  in- 
crease the  hydrogen  content  of  the  gas  be- 
fore liquefication. 

The  air-separation  system  produces 
oxygen  and  gaseous  nitrogen.  The  oxy- 
gen is  used  in  the  coal-gasification  process, 
and  the  gaseous  nitrogen  is  delivered  for 
storage  to  the  launch  site,  where  it  is 
used  as  an  inert  gas  to  purge  critical  en- 
vironments. The  gaseous  nitrogen  is  also 


used  in  the  hydrogen-production  system, 
where  the  nitrogen  is  iiquefiec  and  jseo 
to  refrigerate  the  hydrogen. 

This  work  was  done  by  PA.  Minderman. 
G.  P.  Gutkowski,  L  Mantredi.  J.  V.  Kjng, 
and  F.  S.  Howard  of  Kennedy  Space 
Canter 
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Refer  to  KSC-H304./TN 

John  F.  Kennacfy  Space  Center 

Acting  Technology  Utilization 

Ofticer  Thomas  M  Hammond 

Mail  Stop  PT-TPO-A 

Kennedy  Space  Center  Fl  32899 

<305)887<3017 

Patent  Counsel. 

James  O  Harrell 

Mall  Code  PTPAT 

Kennedy  Space  Center  Fl  32899 

(305)  867-2544 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division   P  0   Box  8757  BWl 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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iASATech  Brief 


Computer 
Software 


Evaluating  Performances  of 
3o! a r- Energy  Systems 

Effii  iencies  can  be  calculated 
and  maximized. 

The  CONCn  computer  piogram  calcu- 
ia'ec  the  performances  of  dish-type  solar 
thermal  col'ectors  and  power  systems. 
The  solar  thernia!  power  system  consists 
ot  or  e  cr  mo'e  collectors,  power-conver- 
sion subsystems,  and  power-processing 
subsystems  CONC1"'  is  intended  to  aid  the 
system  designer  in  comparing  the  per- 
formance of  various  design  alternatives. 

The  solar  col'ectors  may  be  flat  or  para- 
boloical.  Each  is  composed  of  a  concen- 
trate and  a  receiver  to  concentrate  re- 
flected  or  refracted  sunlight  and  convert 
:ne  e<  ergy  to  Meat  in  a  working  fluid.  The 
power-conversion  subsystem  converts 


this  heat  into  mechanical  or  electrical  en- 
ergy. If  the  desired  output  is  heat,  this  sub- 
system is  omitted.  The  power-processing 
subsystem  transfers  the  mechanical  or 
electrical  energy  to  the  system  output  de- 
vice. 

Given  the  characteristics  of  the  various 
subsystems,  CONC11  calculates  collector 
efficiency  and  overall  power-system  effi- 
ciency as  functions  of  receiver  tempera- 
ture for  a  specified  steady  insolation. 
CONC11  has  options  to  optimize  the  re- 
ceiver aperture,  receiver  temperature,  and 
intercept  factor  for  providing  the  highest  ef- 
ficiency at  a  given  insolation. 


CONC11  is  written  in  Athena  FORTRAN 
and  Assembler  for  interactive  execution 
and  has  been  implemented  on  a  UNIVAC 
1100-series  computer  with  a  central- 
memory  requirement  of  approximately 
16K  of  Ifrbit  (minimum)  words.  CONC11 
was  developed  in  1984. 

This  program  was  written  by  Leonard  D. 
Jaffe  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16717  /TN 
FOR  ADDITIONAL  INFORMATION 

CONTACT: 

COSMIC9 

112  Barrow  Hall 

University  of  Georgia 

Athens,  GA  30602 

(404)  542-3265 
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Engineering 


Engineering 

549  Simulating  Damage  in  Wound-Filament  Pressure  Vessels — A  mode!  'z.'ihi  - 
classical  vtscoelastic  theory,  produces  results  consistent  with  reported  data. 

550  Water  Heater/Cooler  for  Vehicles — At  the  press  of  a  button,  thermoelectric  unit 
changes  from  a  heating  device  to  a  cooling  device. 

551  Technology  Transfer  Films  Available  on  Loan 

552  Cycle-Counting  Methods  for  Fatigue  Analysis 

553  Scouring  System  Deepens  Water  in  Ship  Berthing  Sites 

554  Shape  Determination  for  Large  Static  Structures —  Parameter  and  shape 
estimates  are  updated  from  new  measurements. 

555  Balancing  High-Speed  Rotors  at  Low  Speed —  Flexible  balancing  reduces 
vibrations  at  operating  speeds. 

556  Structural  Error  and  Identifiability  in  Mathematical  Models —  Errors  and 
previously  implicit  assumptions  are  treated  explicitly. 

557  Hose-  and  Tube-Cleaning  Module— This  device  enables  tubes  and  hoses  to  be 
cleaned  easily,  without  other  special  equipment.  (Licensing  Opportunity) 

558  Mobile  Platform  for  Large  Structures —  A  proposed  platform  would  move  forward 
and  in  reverse,  turn  left  and  right,  and  change  planes.  (Licensing  Opportur.'ry) 

559  Blade-Tip-Clearence  Forces  in  Turbines —  A  study  reviews  the  field  and  proposes 
experiments. 

560  Air-Powered  Projectile  Launcher —  A  small,  high-pressure  reservoir  conserves 
compressed  air. 

Software 

561  Urban  Hydrology  Software  for  Small  Watersheds 
Testing  &  Instrumentation 

562  Use  of  Minaturized  Tests  to  Predict  Flow  Properties  and  Estma'.e  Fracture 
Toughness  in  Deformed  Steel  Plates 

563  One-Piece  Force-Transducer  Body —  A  rugged  unit  is  designed  to  opera:-. 
severe  environment. 

Other  ti-'/ns  of  interest 

567         An  Interactive  Computer  Model  for  Calculating  V-l  Curves  m  ESPs  Version  1.0 

600         Software  Package  is  an  Integrated  Finite  Difference  Program  tor  Computing  Two- 
Phase  Nonisothermal  Flow  in  Porous  Media 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  71F103 


Simulating  Damage  in  Wound-Filament  Pressure  Vessels 

A  model,  founded  in  classical  viscoelastic  theory, 
produces  results  consistent  with  reported  data. 


A  computer  model  predicts  the  viscoelastic- 
damage  response  of  a  wound-filament  composite 
cylindrical  pressure  vessel  to  a  proof-test  load.  The 
model,  developed  by  the  U.S.  Army  Missile  Com- 
mand, relates  the  circumferential  strain  to  a 
damage  index.  The  index  in  turn  is  related  to  the 
transverse  modulus  as  a  first  approximation.  A 
quadratic  relationship  between  the  transverse 
modulus  and  the  circumferential  strain  results. 

The  matrix  material  of  the  composite  system  is 
assumed  to  be  isotropic  and  linearly  viscoelastic. 
The  fiber  is  assumed  to  be  isotropic  and  linearly 
elastic. 

An  iterative  solution  based  on  the  damaged 
elastic  response  is  employed  to  predict  the  time- 
dependent  circumferential  strain  during  the  linearly 
increasing  phase  of  the  loading.  Thereafter,  an 
iterative  solution  based  on  the  elastic/viscoelastic 
correspondence  principle  is  used  to  predict  the 
time-dependent  circumferential  strain,  which  is 
then  used  to  determine  the  transverse  modulus.  A 
new  expression  for  the  time-dependent  circumfer- 
ential strain  is  then  found  from  the  previously 
calculated  transverse  modulus.  This  iterative  pro- 
cedure is  continued  until  convergence  is  achieved 

A  plot  of  the  modeled  response  with  and  without 
damage  (see  figure)  shows  a  very  small  negative 
residual  strain  for  the  response  with  damage, 
whereas  the  strain  should  be  totally  recovered 
because  only  elastic  elements  in  the  model  are 
damaged  and  no  plastic  behavior  is  included.  The 
discrepancy  is  believed  to  be  a  result  of  roundoff 
error  and  of  a  strong  sensitivity  to  initial  conditions. 
Project  officer  Johnny  L.  Prater 
(205)  876-2604  or  AV  746-2604. 
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Comparison  of  Damaged  and  Undamaged  Re- 
sponses through  recovery  shows  creep  under  constant 
load.  The  creep  predicted  for  the  damaged  case  is  2.54 
times  that  predicted  for  the  undamaged  case. 


fCW  ADDITIONAL  INFORMATION 

Vtx/  can  team  more  details  about  trus  technology  by  ortemc  fm  NTS  /worts} 
A  ViscoeiastioDamage  Smufaoon  Mx& 
lor  Ftamentwdund  Pressure  vessels 
Order  number  AD-Aie638SrNAA 
Price  code  A04 

Order  Irom: 

National  Technical  mtormafion  Sernce 
5285  Port  flops'  **} 
Spmoiiold.  \A221® 


This  document  wes  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  en* 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  intom    % 
contained  In  this  document,  or  warrants  that  such  use  will  be  free  Irom  privately  owned  rights 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1L162724 


Filing  Code:  79D028 


Water  Heater/Cooler  for  Vehicles 

At  the  press  of  a  button,  thermoelectric  unit 
changes  from  a  heating  device  to  a  cooling  device. 


A  simple,  safe,  and  reliable  thermoelectric 
device  has  been  developed  for  heating  or  cooling 
drinking  water  in  vehicles.  The  device  can  cool 
water  to  60  °F  (15.6  °C)  in  ambient  temperatures  up 
to  130°F  (54.4  °C)  and  heat  water  to  150  °F 
(65.5  °C)  in  ambient  temperatures  of  40  °F  (2.5  °C). 
It  protects  against  freezing,  overheating,  and  un- 
dervoltage.  It  indicates  whether  it  is  heating  or  cool- 
ing and  when  the  water  is  ready.  It  switches  off 
automatically.  A  total  of  six  units  have  been  built, 
tested,  and  delivered  to  the  sponsor,  the  U.S.  Army 
Natick  Research,  Development  and  Engineering 
Center. 

The  principal  mode  of  heat  transfer  within  the 
water  chamber  is  natural  convection.  Providing  in- 
ternal fins  or  mechanical  or  magnetic  stirrers 
would  augment  the  heat  transfer  in  the  device. 
Another  useful  addition  would  be  coating  the  inter- 
nal surface  of  the  water  chamber —  now  un- 
treated stainless  steel  —  with  a  thin  layer  of  glass 
or  other  material.  Such  a  coating  may  be 
necessary  for  commercial  applications. 

The  unit  consists  of  the  water  chamber,  thermo- 
electric modules,  heat-exchange  fins,  an  electron- 
ic board,  and  a  minifan  (see  figure).  The  unit  is 
housed  in  a  box  measuring  9.47  by  7.43  by  6.5  in. 
(24.0  by  18.9  by  16.5  cm).  One  wall  of  the  box  is 
openable,  giving  access  to  the  electronic  board  for 
adjustment  or  replacement  of  components. 
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Thermoelectric  Modules  surround  the  water  chamber, 
as  viewed  from  the  top.  Water  is  poured  into  the  cham- 
ber for  heating  or  cooling  through  the  oval  opening. 

The  water  chamber  has  a  capacity  of  12  ounces 
(354  cm3).  It  can  be  filled  from  the  top  with  an  ordin- 
ary cup.  It  releases  its  cooled  or  heated  contents 
through  a  faucet  at  its  base. 

FOR  ADDITIONAL  INFORMATION: 

Yfou  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reports): 
Development  of  Thermoelectric  Water  Heating/Cooling  Devices. 
Order  number:  AD-A166949/NAA 
Price  code:  A03 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Laboratory  Technology 

U.S.  Department  of  the  Interior 


No.  264 


Technology  Transfer  Films  Available  on  Loan 


Several  short  color  films  describ- 
ing new  technology  developed 
through  Bureau  of  Mines  re- 
search are  available  on  a  loan 
basis.  The  films  review  results  of 
Bureau  research  programs 
aimed  at  aiding  the  minerals  in- 
dustry by  increasing  mine,  pro- 
ductivity, ensuring  worker  health 
and  safety,  and  enhancing 
minerals  recovery,  processing 
and  recycling.  Most  of  the  films 
are  available  in  a  choice  of  for- 
mats: 16mm  film,  1/2"  VHS  cas- 
sette tape,  or  %"  U-matic  tape. 
The  films  are  loaned  by  the 
Bureau  of  Mines  free  of  charge; 
borrowers  are  requested  to  pay 
only  the  return  postage  and  for 
any  damage  to  the  films.  All  titles 
are  also  available  for  purchase  in 
1 6mm  or  videotape  formats.  In- 
terested persons  wishing  to  bor- 


row or  purchase  a  film  should 
specify  its  title  and  the  preferred 
and  alternate  showing  dates.  All 
requests  should  be  addressed 
to: 

Motion  Picture  Library 
Bureau  of  Mines 
Cochrans  Mill  Road 
P.O.  Box  18070 
Pittsburgh,  PA  15236 

A  short  description  of  each  film 
follows: 

Safer  Coal  Mining 
Equipment 

Traces  the  development  of  mod- 
ified conventional  and  con- 
tinuous mining  equipment,  be- 
ginning with  an  investigation  of 
the  problems  encountered  with 


mining  equipment  and  con- 
tinuing through  long-term  testing 
of  the  modified  equipment  in  two 
mines.  "Human  engineered"  coal 
mining  machines  are  shown  in 
operation.  These  machines  in- 
clude features  such  as  adjust- 
able cabs,  easy  access  controls, 
improved  illumination,  and  other 
safety  improvements.  (19  min) 


Mine  Shaft  Smoke  and 
Fire  Protection  Systems 

Documents  the  development 
and  testing  of  a  system  for  sens- 
ing, isolating,  and  extinguishing 
fires  in  deep  metal  mines.  The 
system  features  a  novel  ioniza- 
tion detector,  multiplexed  signal 
transmission,  and  back-up  wir- 
ing networks  for  increased  re- 
liability. Detection  and  extin- 
guishment of  test  fires  by  this 
system  in  a  3,000-f  t .  -deep  metal 
mine  are  also  shown.  (9  min) 

Fueling  Area  Fire 
Protection  in 

Underground  Metal  and 
Non-metal  Mines 

The  film  covers  the  design  and 
testing  of  a  rugged,  reliable  sys- 
tem, adaptable  to  any  mine  lay- 
out, that  detects  and  automati- 
cally extinguishes  fires  in  under- 
ground fueling  and  fuel  storage 
areas.  (5  min) 
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Mine  Face  Ignition 
Quenching 

The  development  and  testing  of 
an  effective,  non-toxic  extin- 
guishant  for  instantaneous 
quenching  of  coal  mine  face  ex- 
plosions is  featured  in  this  film. 
Various  ignition  quenching 
chemicals  are  compared,  and 
the  development  of  an  optimum 
extinguishant  is  traced.  A  trial  of 
the  quenching  system  on  a  tun- 
nel boring  machine  is  also 
shown.  (10  min,  available  in 
16mm  only) 

Inductoslag  Melting  and 
Casting  of  Reactive 
Metals 

Demonstrates  a  Bureau  tech- 
nique for  melting  refractory  or 
reactive  metals  using  induction 
heating.  This  technique  offers 
important  advantages  over  pre- 
sent welding  and  arc  melting 
methods.  A  hopper-fed,  cylindri- 
cal ingot  furnace  is  shown  in 
operation.  The  film  also  explains 
how  inductoslag  melting  can  be 
adapted  (11  min,  available  in 
16mm  only) 

Explosives  Loading 
Through  Expendable 
Tubing 

Discusses  a  technique  for  lead- 
ing explosives  inside  expend- 
able, paper-based  tubing  which 
is  dropped  down  the  drillhole  and 
through  the  kelly-bar.  With  the 
tube  in  place,  the  integrity  of  the 
hole  is  retained  long  after  the 
kelly-bar  is  removed  so  that 
the  explosives  can  be  load- 
ed safely  and  are  drilled. 
(14  min,  available  in  16mm 
only) 

Automatic  Fire  Protection 

Systems  for  Mobile 

Mining  Equipment 

Covers  the  development  and 
testing  of  rugged  and  reliable 
systems  which  detect  and  extin- 
guish fires  automatically  on  large 
surface  and  underground  mining 
equipment.  Successful  quench- 
ing of  test  fires  on  trucks,  front- 


end  loaders,  downhole  drills,  and 
loading  shovels  are  also  demon- 
strated. (13  min) 

A  System  for 
Re-Contouring 
Surface-Mine  Spoil  Banks 

Shows  how  surface  mined  land 
can  be  recontoured  both 
efficiently  and  economically  with 
a  specially  designed,  48-foot  re- 
clamation blade  mounted  on  two 
tandem  tractors.  Overhead 
shots  reveal  how  the  big  blade 
can  accomplish  in  one  pass  what 
conventional  dozers  would  need 
many  passes  to  do.  Operator 
training  for  controlling  the  blade 
is  also  emphasized.  (16  min) 

Improved  Visibility  Aids 
on  Large  Haulage 
Vehicles 

Shows  how  hazards  posed  by 
extensive  blind  areas  around 
large  haulage  vehicles  can  be 
minimized  with  the  use  of  low- 
cost,  specially-designed  mirrors 
and  unique  "flut  lens"  blind-area 
viewers  developed  by  the 
Bureau  of  Mines.  Scenes  from 
the  driver's  point  of  view  and 
graphics  demonstrating  the  blind 
areas  around  the  vehicles  are 
also  included.  (141/2  min) 

A  Retractable  Diamond 
Bit  System  for  Core 
Drilling 

This  film  features  the  develop- 
ment of  a  unique  diamond  core 
drill  bit  which  can  be  retracted 
and  replaced  when  necessary 
without  withdrawing  the  drill 
rods.  This  time-and-cost-saving 
equipment  is  shown  in  laboratory 
and  field  tests  for  drillability,  rug- 
gedness  and  reliability  in  hard 
rock.  (I6V2  min) 

Fire  Protection  Systems 
for  Underground  Metal 
and  Nonmetal  Mines 

Documents  the  development 
and  testing  of  a  variety  of  fire 
detection,  warning,  and  suppres- 
sion devices  which  can  be  used 
singly  or  in  integrated  mine-wide 


fire  protection  systems  under- 
ground. Tests  of  various  smoke 
and  flame  detectors  and  auto- 
matic fire-suppression  systems 
are  highlighted  in  the  film.  (171/2 
min) 

Soft-Soldering  Aluminum 

Features  the  development  and 
testing  of  a  unique  and  practical 
method  that  permits  soldering 
aluminum  and  aluminum  alloy 
products  with  conventional  sol- 
ders. The  simple,  four-step  tech- 
nique used  is  demonstrated  and 
explained  by  Bureau  research- 
ers. (15  min) 

Improved  Stench 
Fire-Warning  System  for 
Underground  Metal  and 
Nonmetal  Mines 

This  film  demonstrates  Bureau 
of  Mines  improvements  made  to 
a  warning  system  which  alerts 
underground  mine  workers  to  a 
fire  by  circulating  odorant 
through  ventilation  and  com- 
pressed air  systems.  Shortcom- 
ings of  currently-used  stench 
warning  systems  are  explained, 
and  the  advantages  of  the 
Bureau's  improved  system  are 
illustrated  in  actual  field  tests.  (7 
min) 

Shield  Supports  for 
Longwall  Coal  Mining 

Documents  an  actual  Bureau  in- 
mine  test  of  shield-style,  long- 
wall  mining  roof  supports.  Shield 
supports  are  shown  to  offer  im- 
portant advantages  over  chock 
supports.  The  film  shows  how 
the  shields  operate  and  how  they 
differ  from  other  longwall  sup- 
ports. (19  min) 

Discriminating  Backup 
Warning  Alarm  Systems 

A  film  is  currently  in  production 
which  will  feature  a  description  of 
the  Bureau's  discriminating 
backup  warning  alarm  systems 
for  mine  haulage  vehicles. 
Several  types  of  systems  will  be 
discussed  including  ultrasonic, 
doppler-radar,  and  infrared  de- 
tection systems. 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Cycle-Counting  Methods  for  Fatigue  Analysis 

Structures  such  as  bridges/  aircraft,  vehicles,  pressure 
vessels,  or  offshore  platforms  are  subjected  to  random 
cyclical  loads  that  may  result  in  structural  failure.     The 
designer  or  engineer  needs  information  about  the  fatigue 
life  of  a  structure  in  order  to  create  a  design  that  won't 
fail.     Current  approaches  to  random  load  fatigue  analysis 
need  the  determination  of  stress  cycles  and  associated 
stress  ranges  that  are  ambiguous  in  a  random  load  history. 
NBS  has  devised  Fortran  IV  programs  that  use  the  rainflow 
counting  method  and  the  mean  crossing-range  technique  to 
determine  the  stress  ranges  and  cycles  of  random  load 
histories.    These  techniques  reduce  the  complexity  of  the 
history  so  that  results  can  be  compared  to  non-random  test 
results.    Cycle-Counting  Methods  for  Fatigue     Analysis  with 
Random  Load  Histories;     A  Fortran  User's  Guide    (NBSIR  86- 
3055)  presents  the  concepts  and  complete  Fortran  IV  programs 
for  these  analysis  methods. 

FOR  ADDITIONAL  INFORMATION;     A  copy  of  the  report  is 
available  form  NTIS,  Springfield,    VA     22161;  (703)  487-4600. 

NTIS  order  number:    PB87- 1 04758/N AC 

Price  code:    A04. 
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Scouring  System  Deepens  Water  in  Ship  Berthing 
Sites 


Conventional  dredging  is  no  longer  the 
most  economical  and  practical  method  of 
providing  adequate  water  depths  for  many 
Navy  ship  and  submarine  berthing  sites. 

To  ensure  adequate  water  depths  in 
Navy  berthing  areas,  the  Naval  Civil 
Engineering  Laboratory  (NCEL)  is 
developing  improved  methods  to  main- 
tain desired  water  depths. 

NCEL's  most  advanced  design  is  a 
prototype  13-jet  scouring  system,  which 
will  be  installed  this  year  at  Mare  Island 
Naval  Shipyard  (MINSY)  for  two  years 
of  operational  testing  and  on-site 
evaluation. 

The  scouring  actions  of  these  water 
jets,  submerged  near  the  bottom  of  berth- 
ing sites,  prevent  buildup  of  sedimenta- 
tion. The  sediments  are  forcefully 
suspended  in  the  water  and  then  directed 
from  the  berthing  area  into  the  ebbing 
tidal  flow  and  carried  out  to  sea. 

The  test  system  will  cover  250  feet  of 
quay  wall  and  will  scour  to  distances  of 
75  feet  from  the  point  of  installation.  The 
test  bed  has  been  designed  to  explore 
systematically  the  effects  of  different  jet 
flow  rates,  jet  diameters,  jet  orientations, 
and  jet  duty  cycle  times. 

The  system  features  pneumatically- 
actuated  butterfly  valves,  a  vertical  tur- 
bine pump,  fiberglass  pipe,  and  a 
microprocessor-based  control  system. 

The  jet  array  is  powered  by  a 
150-horsepower  vertical  turbine  pump 
having  a  discharge  flow  rate  of  4,500 
gallons  of  seawater  per  minute.  The 
pump  is  connected  to  a  12-inch  diameter 
fiberglass  manifold  which  distributes  the 
water  to  the  13  jets.  Each  jet  is  connected 
to  the  manifold  pipe  via  an  8-inch 
diameter  flexible  hose.  The  water  flow 
to  each  jet  is  controlled  by  8-inch 
diameter  butterfly  valves  with  pneumatic 
actuators. 


An  on-site  portable  computer,  pro- 
grammed with  MINSY  tidal  cycles,  con- 
trols valve  operations.  It  automatically  ac- 
tivates the  water  jets  twice  daily  during 
ebb  tides.  The  computer  also  collects 
pump  and  valve  data. 

Various  sizes  of  jets  and  jet  nozzle 
angles  will  be  installed  and  tested.  Vary- 
ing jet  heights  above  the  mud  line  also 
will  be  tested  for  maximum  scouring 
effects. 

A  jet's  diameter  and  discharge  velocity 
determine  the  distance  of  the  scouring 
action.  By  increasing  the  diameter  of  the 
opening  and  the  velocity  of  discharge, 
engineers  can  produce  a  greater  scouring 
range.  The  maximum  practical  distance 
per  jet  is  approximately  100  feet  because 
of  limits  in  pump  design  and  systems 
economics.  Beyond  100  feet,  multiple 
jets  are  needed  to  achieve  the  desired 
scour  distance. 

The  near-bottom  water  jets,  activated 
at  the  onset  of  ebb  tidal  flow  (duty  cycle 
times  for  individual  jets  range  between  5 
and  10  minutes),  resuspend  any  recently 
deposited  sediment.  The  discharge 
creates  a  fan-shaped  scour  pattern  in  front 
of  each  jet.  Once  suspended,  sediment  is 
carried  away  from  the  berthing  area  by 
ebbing  tidal  currents. 

For  Additional  Information: 

Backup  material  on  this  effort  is 
available  from: 

Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refertollll02/TN 
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Shape  Determination 
for  Large  Static 
Structures 

Parameter  and  shape 
estimates  are  updated  from 
new  measurements. 


A  set  of  algorithms  generates  updated 
estimates  of  state  vectors  representing 
the  static  deflections  or  other  responses 
of  large  structures  and  of  physical- 
parameters  of  structural  components 
(for  example,  the  elastic  moduli  of  beams 
or  ribs  in  a  truss  of  many  such  elements). 
The  algorithms  result  from  a  generaliza- 
tion of  the  Kalman  statistical-filter  tech- 
nique. A  degree  of  computational  econo- 
my is  achieved  in  that  there  are  mathe- 
matical elements  common  to  the 
estimates  of  the  parameters  and  of  the 
responses.  This  is  an  advance  over  prior 
filter  methods,  which  have  treated  the 
estimation  of  the  two  types  of  quantities 
in  different  ways. 

The  mathematical  model  of  a  struc- 
ture in  this  analysis  is  a  set  of  elliptic  par- 
tial differential  equations  that  may  be  in- 
terconnected. The  model  includes  the 
parameters,  which,  in  principle,  can  be 
determined  through  measurements  of 
the  structural  responses  to  applied  loads. 
Because  the  model  and  the  response 
and  load  measurements  are  contaminat- 
ed by  random  errors,  a  statistical  an- 
alysis is  needed  to  find  the  best  estimate 
of  the  parameters.  The  measurement 
and  model  errors  are  represented  in  the 
model  equations  as  weighted  white-noise 
components. 

The  parameter  estimation  (see  figure) 
involves  a  Newton-Raphson  iteration 
process.  The  iteration  begins  with  the 
current  parameter  estimate  based  on 
previous  measurements  and  calcula- 
tions. The  square-root  filter  processes 
the  external  load  inputs  and  measured 
deflections  to  obtain  filtered  measure- 
ments and   filtered   estimates  of  the 
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The  Parameter  and  State  Estimations  involve  statistical  structural  analysis,  statist  ca 
electromagnetic-field  analysis,  filtering,  measurement  modeling,  and  iterative  predic- 
tion/correction procedures.  The  estimating  algorithms  result  from  generalizations  of 
Kalman  statistical-filter  theory. 


deflections  predicted  theoretically  from 
the  load  inputs  and  model.  The  square- 
root-filter  output  is  the  set  of  errors  ob- 
tained by  subtraction  of  the  filtered 
predictions  from  the  filtered 
measurements. 

The  gradient/Hessian  synthesis  block 
forms  the  function-space  gradient  of  a 
likelihood  functional  and  the  approximate 


Hessian,  which  is  the  matrix  of  second 
derivatives  of  the  likelihood  functional 
The  likelihood  functional  takes  an  ex- 
treme value  (usually  a  minimum)  at  the 
best  estimate  of  the  parameters.  Usng 
the  gradient  and  the  approximate  Hes- 
sian, the  Newton-Raphson  iteration  block 
calculates  the  updated  oara^e'.e-  se: 
which  is  the  next  set  that  brings  the 
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likelihood  functional  closer  to  the  ex- 
ternum. 

The  state-estimation  algorithms  were 
derived  primarily  for  the  determination  of 
the  shapes  of  large  parabolic  antenna 
reflectors.  These  algorithms  are  based 
on  two  sets  of  measurements;  namely, 
the  measured  structural  deflections  of 
the  first  model  plus  measurements  of  the 
electromagnetic  far  field,  which  is  af- 
fected by  the  deflections.  The  first  model 
is  thus  expanded  to  include  additional 
equations  relating  the  field  measure- 
ments, the  deflection  (state  or  response) 


estimate,  and  the  additional  noise  that 
enters  through  the  field  measurements. 
The  problem  is  solved  in  two  predic- 
tion/correction stages  similar  to  that 
described  above  for  the  parameters.  In 
the  first  stage,  a  predicted  state  estimate 
is  generated  by  a  finite-element  model  of 
the  structure.  This  estimate  is  entered  in 
the  model  of  an  electro-optical  deflection 
sensor  to  predict  the  sensor  output.  The 
actual  and  predicted  sensor  data  are 
then  compared;  the  differences  are  pro- 
cessed through  a  three-dimensional  spa- 
tially-distributed Kalman  filter  to  obtain 


correction  terms,  which  are  used  to  fur- 
ther correct  the  deflection  estimate.  The 
second  prediction/correction  stage  per- 
forms similar  operations,  using  the  field 
model  and  field  measurements. 

This  work  was  done  by  Guillermo 
Rodriguez  and  Robert  E.  Scheid,  Jr.,  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16781  /tn 
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Balancing  High-Speed  Rotors  at  Low  Speed 

Flexible  balancing  reduces 
vibrations  at  operating  speeds. 


High-speed  rotors  in  turbomachines 
can  be  dynamically  balanced  at  a  fraction 
of  the  operating  rotor  speed.  The  method 
results  in  a  precisely  balanced  rotor  at, 
say,  30,000  r/min  even  though  the  rotor 
weight  distribution  has  been  adjusted  at  a 
much  lower  speed  —  for  example,  2,000 
r/min. 

Unlike  other  low-speed,  rigid-body 
balancing,  the  new  method  takes  into  ac- 
count that  the  rotor  is  flexible  rather  than 
rigid.  The  method  is  based  on  balancing 
"windows"  —  combinations  of  speed 
and  support  flexibility  at  which  two  condi- 
tions occur  simultaneously.  The  system 
behaves  flexibly  (that  is,  distinct  balance 
planes  can  be  discerned  along  the  shaft), 
and  the  system  response  to  the  addition 
of  balance  weights  is  large  enough  to 
measure  reliably. 

The  method  consists  of  the  following 
four  steps: 

1 .  The  balance  planes  are  selected.  They 
must  be  in  axial  planes  where  weight 
can  be  added  or  removed  at  any  cir- 
cumferential location.  They  must  not 
be  at  vibrational  nodes  at  the  speeds  of 
interest,  and  they  must  be  active  at  the 
low  speeds  at  which  balancing  will  be 
performed. 

2.  The  speeds  are  determined  at  which 
there  is  separation  among  the  planes; 
that  is,  at  which  a  weight  in  each  plane 
would  cause  a  different  rotor  response. 

3.  The  speeds  are  determined  at  which 
the  rotor  response  is  measurable  with 
sufficient  accuracy. 

4.  Finally,  the  influence-coefficient  bal- 
ancing is  performed  at  speeds  where 


Before-  and  After-Balancing  Curves  show 
that  flexible-body  balancing  at  8,000  r/min 
ensures  smooth  rotation  up  to  at  least 
24,000  r/min.  The  vibration  peaks  at  the 
critical  speeds  and  the  sharp  rise  of  vibra- 
tions at  intermediate  speeds  are  eliminated. 


the  rotor  is  both  flexible  and  respon- 
sive. 

The  low-speed  flexible  balancing 
method  was  evaluated  empirically  with  a 
rotor-dynamic  test  rig.  The  rig  was  as- 
sembled with  supports  that  simulated 
those  of  an  oxygen  turbopump.  For  this 
arrangement,  a  low-speed  balancing  win- 
dow was  predicted  at  8,000  r/min.  The  rig 
was  balanced  at  this  and  other  speeds. 
The  balancing  resulted  in  smooth  opera- 
tion of  up  to  24,000  r/min,  and  the  two 
critical  speeds  below  it  were  traversed 
without  excessive  vibration  (see  figure). 
By  way  of  comparison,  a  high-speed 
balance  was  done  on  the  test  rig.  The 


quality  of  balance  was  approximatety  the 
same  as  it  was  for  the  low-speed,  ftextote 
balance.  A  low-speed,  ngid-cody  balance 
was  also  done.  This  method  produceo  lit- 
tle reduction  in  vibration  amplitude,  and 
the  maximum  speed  was  limited  to 
20,000  r/min. 

This  work  was  done  by  J.  Giordano  and 
E.  Zorzi  of  Mechanical  Technology,  Inc.. 
for  Marshall  Space  Flight  Canter 
MFS-28130  fTN 
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Structural  Error  and 
Identifiability  In 
Mathematical  Models 

Errors  and  previously 
implicit  assumptions  are 
treated  explicitly. 

A  paper  discusses  the  errors  in 
mathematical  models  of  physical  sys- 
tems and  the  problem  of  identifying  a 
model  from  the  system  input  and  output. 
This  problem  is  approached  by  explicitly 
taking  account  of  erroneous  choices  of 
model  structure  ("structural  error");  for 
example,  the  neglect  of  nonlinearities  or 
small  effects,  or  the  representation  of  a 
higher-order  system  by  a  lower-order 
model. 

In  this  specialized  context,  "system 
identification"  denotes  the  determination 
of  a  mathematical  model  that  represents 
the  physical  system  as  closely  as  possi- 
ble under  the  prescribed  experimental 
conditions.  In  practice,  system  identifica- 
tion is  often  divided  into  the  following 
three  phases: 

1.  Selection  of  a  model  structure; 

2.  Testing  of  the  structure  to  ensure  that  a 
unique  solution  for  its  parameters  is 
possible  (the  identifiability  test);  and 


3.  Parameter  estimation. 
Structural  error  can  affect  both  the  iden- 
tifiability of  a  model  and  the  final  values  of 
the  parameter  estimates. 

The  paper  is  concerned  specifically 
with  linear  or  weakly  nonlinear  models. 
Two  different  sets  of  model  equations 
represent  the  relationships  among  the 
system  state,  input,  output,  and  model 
parameters;  one  of  these  sets  describes 
the  basic  assumed  (and  somewhat  erron- 
eous) model  while  the  other  represents  an 
ideal  model  that  would  completely  and  ac- 
curately describe  the  system.  Included  in 
the  ideal  model  are  an  additive  error  term 
that  specifies  the  structural  error  and  a 
set  of  the  "true"  parameter  values,  which 
are  generally  not  known. 

The  identifiability  problem  is  then  refor- 
mulated on  the  basis  of  equivalence  and 
near  equivalence  between  model  and 
system.  "Near  equivalence"  would  be 
established  if  a  model-dependent  criterion 


function  is  less  than  the  acceptable  max- 
imum modeling  error  and  if  the  absolute 
magnitude  of  the  difference  between 
model  and  true  outputs  is  less  than  the 
maximum  acceptable  output  error. 

The  practical  identification  problem 
then  is  to  determine  the  parameters  of  a 
nearly  equivalent  model  from  observa- 
tions of  the  inputs  and  outputs  of  the 
system  and  model.  The  paper  derives  a 
number  of  theorems  concerning  neces- 
sary and  sufficient  conditions  for  near 
equivalence  and  the  identifiability  of 
parameters. 

This   work  was   done  by   Fred   Y. 
Hadaegh  of  NASA's  Jet  Propulsion 
Laboratory  and  George  A.  Bekey  of  The 
University  of  Southern  California. 
"Structural  Error  and  Identifiability, " 
NPO-16661  /TN 
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Hose-  and  Tube-Cleaning  Module 

This  device  enables  tubes  and  hoses  to  be 
cleaned  easily,  without  other  special  equipment. 


A  self-contained,  single-use  module 
would  enable  a  hose  or  tube  to  be  cleaned 
thoroughly  in  the  field,  in  one  operation, 
using  water  of  unknown  or  questionable 
quality.  Previously,  chemicals  for  flow 
cleaning  had  to  be  mixed,  diluted,  and 
pumped  through  tubes  and  hoses  in  many 
successive  steps;  moreover,  deionizers, 
water-treatment  facilities,  and  chemical 
storage  were  required.  With  the  proposed 
device  the  cleaning  can  be  performed 
safely,  without  special  training.  Ready  to 
use,  this  device  could  be  packaged  as  a 
cleaning  kit  with  the  tube  to  be  cleaned. 

Shown  in  the  figure,  the  device  in- 
cludes a  housing  of  polyethylene  (or  other 
polymer)  with  an  adapter  for  a  water  tap  at 
the  inlet  end  and  an  adapter  for  the 
specific  application  at  the  outlet  end. 
Beginning  at  the  inlet  end,  the  tube  con- 
tains a  mesh  screen  to  prevent  the  entry 
of  large  particles.  The  screen  also  retains 
a  layer  of  activated  carbon  particles, 
which  remove  organic  contaminants  in 
the  water  flowing  into  the  device. 

The  activated  carbon  is  followed  by 
another  screen  and  a  layer  of  ion-ex- 
change resin,  which  removes  dissolved 
minerals.  Following  the  resin  is  another 
retaining  screen  and  a  layer  of  water- 
soluble  powdered  cleaning  compound. 
Next  is  a  retaining  screen  followed  by  a 
stack  of  filters  of  decreasing  size  to 
remove  particles  from  the  waterflow. 

The  filtration  zone  has  a  cross  section 
larger  than  that  of  the  preceding  zones  to 
reduce  the  speed  and  the  pressure  drop 
of  the  water  across  the  filters.  This  pro- 
tects the  filters  from  tearing  or  breaking 
and  enables  them  to  remove  finely  divid- 
ed particles  that  might  remain.  The  outlet 
cone  of  the  filter  stack  contains  an 
embedded  litmus  or  pH  chemical  indica- 
tor to  show  when  the  detergent  supply  is 
exhausted.  The  indicator  color  change  is 
viewed  through  a  "window  in  the  filter 
holder.  Alternatively,  the  housing  could  be 
made  of  transparent  or  translucent 
material  through  which  the  color  change 
could  be  viewed. 

The  device  inlet  is  attached  to  the 


pH  Indicator 


n  this  Cleaning  Module,  water  entering  through  the  inlet  fitting  is  *reeo  ol  ocg 
activated  charcoal,  then  demmeraiized  by  ion-exchange  resm.  then  MM    *  " 
ind  finally  filtered,  before  flowing  to  the  hose,  lube,  or  other  syste^  to  tv  rtcunod 


water  supply.  The  outlet  is  attached  to  the 
hose  or  tube  to  be  cleaned  The  deter 
gent-laden  flow  cleans  the  hose  or  tube  as 
long  as  detergent  is  dissolving  in  the 
( leaning  device.  The  flow  mav  be  stopped 
at  any  time  to  permit  a  soaking  period 
The  water  is  allowed  to  run  until  the 
detergent  is  depleted,  as  shown  by  the 


change  of  color  m  the  indicate  cause 
the  decrease  of  the  pH  After- 
wdler  is  allowed  to  'tow  aw  -e  onge*  so 
that  the  hose  01  tutte  «s  rinsed 

The  select  on  ol  the  materials  k 
four  module  zones  a-xl  the  sues  c 
zones  are  based  o  taminatior 

pected  m  the  water  and  cr 
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specific  cleaning  problem  The  carbon 
absorber  and  the  deionizer  are  made 
large  enough  to  permit  a  rinse  of  sufficient 
duration  or  volume  following  detergent 
exhaustion.  Additional  units  without 
detergent  could  be  used  for  rinsing  only, 
or  for  partial  purification  of  water  for  drink- 
ing. After  use,  the  module  can  be  discard- 
ed; with  simple  modifications,  a  reusable 
device  could  be  constructed. 


This  work  was  done  by  Fred  P.  Rollins 
and  James  S.  Glass  of  Lockheed-EM SCO 
for  Johnson  Space  Center  For  further 
information,  Grcle  93  on  the  TSP Request 
Card. 

This  invention  is  owned  by  NASA,  ind  a 
patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  cr  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the  Pa- 


tent Counsel,  Johnson  Space  Center 
Refer  to  MSC-20857  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 

Dean  C.  Glenn 

Mall  Code  AL32 

Houston,  TX  77058 

(713)48^3809 

Patent  Counsel: 

Marvin  F.  Matthews 

Mail  Code  AL3 

Houston,  TX  77068 

(713)  483-4871 
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Mobile  Platform  for  Large  Structures 

A  proposed  platform  would  move  forward  and 
in  reverse,  turn  left  and  right,  and  change  planes. 


Panel-to-Panel 
Stage 


Mobile 
Platform 


Face-to-Face 
Stage 


Manipulator 
Arm 


PlatlO'm 


TRUSS  STRUCTURE  WITH  PLATFORM 


UNDERSIDE  OF  PLATFORM 


Disengaged 
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Sprocket  To 
Engage  Chain 


GUIDE  PIN  ABOUT  TO  ENGAGE  END  OF  RAIL 


90#  CHANGE  OF  DIRECTION 


t  ■;  tQ*d 


Tracks  Slide  on  Pins  'on  d  truss  panel.  Although  a  tiuss  member  joins  other  members  at  angles  otO*  CO'  .-.v."..  ' 

form  to  travel  at  angles  ot  0°  and  90°  with  a  truss  edge.  The  rails  are  flared  at  thei' outer  ends  so  that  the  pins  e-\wcf  ••.  ■■  -  •   • 

under  the  platform  engage  sprockets  on  the  guide  pins  The  drive  chains  are  shown  m  position  lor  longitudinal  nave  with  3  3  end  SSC 

change  to  transverse  travel 
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A  mobile-platform  concept  is  proposed 
to  move  remote  maniculatcrs.  workers 
or  o;ner  loads  over  truss  panels  on  large 
structures.  Such  a  platform  would  move 
a:  a  constant  speed  so  that  it  does  not 
cause  a  swinging  motion  in  hanging  loads 
anH  therefore  overstress  remote-mani- 
pulator arms.  The  platform  could  be 
transferred  around  corners  to  adjacent 
panels 

The  oiatform  would  ride  on  sprocketed 
guide  Dir>s  extending  trom  the  structure  at 
truss  joints  (see  figure).  A  set  of  or- 
thogonai  tracks  under  the  platform  slides 
or  're  pins,  which  have  enlarged  heads 
to  in'pfiock  with  the  tracks.  At  ieast  three 
track-  engage  at  ieast  three  pins  at  any 
position  on  the  panel  so  that  the  platform 
is  adeauately  and  stably  supported. 

The  platform  can  travel  longitudinally 
and  transversely  on  the  panel,  in  both  For- 
ward 3nd  reverse  directions.  To  get  from 
one  point  to  another,  the  platform  moves 
in  a  senes  o(  straight  lines,  making  left 
an  j  right  turns  as  necessary. 

Two  sets  of  chain  drives  under  the  plat- 


form —  one  for  longitudinal  motion,  the 
other  for  transverse  motion  —  Dropel  it 
by  engaging  the  guide-pin  sprockets. 
Electric  motors  turn  the  chain  drives. 

To  change  from  longitudinal  to  trans- 
verse motion,  the  platform  comes  to  a 
complete  stop  and  goes  through  a  brief 
series  of  events.  First,  direction  changers 
—  slotted  disks  at  each  rail  junction  — 
rotate  90°.  The  slots  in  the  direction 
changers  ensure  that  the  pla  form  does 
not  slip  sideways.  When  the  disks  have  all 
turned  90°  from  the  longitudinal  direc- 
tion, they  permit  transverse  movement 
and  prevent  longitudinal  slippage 

Next,  the  end  sections  of  the  rails  pivot 
upward.  This  provides  clearance  for  the 
previously-engaged  drive  chains  (for  lon- 
gitudinal motion)  to  disengage  and  rotate 
upward  into  the  platform  base  and  for  the 
previously  disengaged  d/ive  chains  (for 
transverse  motion)  to  rotate  downward 
into  engagement  with  the  guide-pin 
sprockets.  After  drive-chain  rotation,  the 
end  sections  resume  their  original  posi- 
tions. To  change  from  transverse  to 


longitudinal  motion,  the  platform  goes 
through  a  similar  sequence. 

The  platform  transfers  to  adjacent 
truss  panels  on  flaplike  stages  at  the 
panel  edges.  The  platform  drives  onto  a 
stage,  the  stage  pivots  first  at  the  near 
edge  and  then  at  the  far  edge  to  align  with 
the  plane  of  the  adjacent  panel,  and  the 
platform  drives  off  onto  the  new  panei.  To 
transfer  to  the  opposite  face  of  a  panel, 
the  platform  uses  a  stage  that  pivots 
about  an  axis  near  its  center;  the  stage 
does  a  complete  flip-flop,  thereby  aligning 
the  platform  with  the  plane  of  the  oppo- 
site Danel  face. 

This  work  was  done  by  Clarence  J. 
Wesselski  and  William  C  Schneider  of 
Johnson  Space  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Johnson  Space  Center  Refer  to 
MSC-20985  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C  Glenn 
Mail  Code  EA4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Blade-Tip-Clearance 
Forces  in  Turbines 

A  study  reviews  the  field 
and  proposes  experiments. 


A  report  summarizes  the  present 
knowledge  and  discusses  plans  for  ex- 
periments on  blade-tip-clearance  excita- 
tion forces  in  turbines.  Of  particular  in- 
terest are  the  Alford  forces,  named  after 
a  pioneering  worker  in  this  field.  These 
are  the  cross  forces  due  to  uneven  clear- 
ances, which  are  in  turn  caused  by  and 
also  cause  rotor  vibrations.  Because 
blade-tip  clearances  affect  turbine  effi- 
ciency and  excitation  forces  affect  rotor 
stability,  the  report  should  prove  useful  to 
researchers  and  designers  of  advanced 
turbomachinery. 

The  study  was  carried  out  in  three 
phases  documented  in  the  report.  The 
first  phase  was  a  literature  search  and 
evaluation.  In  addition  to  showing  the 
state  of  the  art,  this  phase  exposed  the 
need  for  theoretical  and  experimental  ef- 
forts to  provide  design  data  and  a  ra- 
tional basis  for  extrapolation  to  new  con- 
figurations and  operating  conditions. 

The  authors  found  that  a  very  small 
data  base  exists  for  excitation  blade-tip 
forces  in  unshrouded  turbines.  A  more 
extensive  data  base  exists  for  shrouded 
blading  under  static  effects.  In  both 
cases,   however,   a  detailed   fluid-me- 


chanical understanding  of  the  effect  is 
lacking.  Consequently,  extrapolations  to 
untested  conditions  remain  dubious.  Fur- 
thermore, there  are  no  reliable  data  on 
forces  proportional  to  the  rate  of  change 
of  the  clearance. 

In  the  second  phase  of  the  study,  st 
veral  of  the  assumptions  contained  in  the 
usual  theoretical  analyses  of  the  Alford 
force  were  removed.  The  problem  was 
then  posed  in  terms  of  a  rigorous  linear- 
ized flow  analysis  of  the  behavior  of  an 
eccentric  rotor  approximated  by  an  ac- 
tuator disk  with  two-dimensional  flow. 
This  theoretical  study  revealed  an  impor- 
tant contribution  to  the  Alford  force  from 
the  redistribution  of  flow  around  the  tur- 
bine annulus.  It  also  showed  an  impor- 
t  ant  contribution  from  the  annulus  pres- 
sure, even  in  unshrouded  turbines. 

The  third  phase  was  a  preliminary  de- 
sign study  of  a  turbine-testing  facility.  The 
objective  of  this  phase  was  to  extend  the 
Cata  base  by  development  of  the  capabil- 
ity to  measure  excitation  forces  and  the 
associated  (and  causative)  flow  patterns 
ever  a  realistic  range  of  turbine-stage 
loadings,  flow  angles,  flow  speeds,  and 
Reynolds  numbers,  among  other  para- 


meters. This  demands  a  variety  o* 
bine  configurations,   especai ..     r 
blade-tip  region,  thereby  recess  ■•.a*  rc, 
frequent  total  or  partial  assemb'y  a^o 
disassembly.  Conseouentiy,  ,h>e  'a: 
was  designed  with  modular  parts. 

The  design  also  includes  t^e 
mentation   and  numerous  instrumenta- 
tion ports  in  the  turbine.  P!ar.s  can  tot 
measurement  of  mass-flow  ra*.es 
peratures,  pressures,  gas  composr.ons, 
rotor  speeds,  braking  torques    casing 
vibrations,     rotor    positions     oea 
forces,  and  local  flow  velocities    The 
facility  thus  presents  a  prootem  m  da*a 
reduction.  There  are  1 32  data  chame  5 
of  which  about  26  are  ukefy  to  be  used 
during  a  tyoical  experiment  This  w    -e- 
quire  some  software  development  for  cor- 
rect data  acquisition 

This  work  was  by  M  Ma" 
Sanchez  and  Edward  M.  Grertzer  c*  .'**> 
Massachusetts  Institute  of  Technology 
for  Marshall  Space  Right  Canter  Ft 
ther  information  may  be  found  in  \ASA 
CR-171534  [N85-29963/NSPI  Turpne 
Made-Tip  Clearance  E*citat>or  fo 

Copies  may  be  purchased  from  r»e 
National  Technical  Informatcn    Semce. 
Springfield.    Virginia  22161. 
MFS-27122    TN 
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Air-Powered  Projectile  Launcher 

A  small,  high-pressure  reservoir 
conserves  compressed  air. 


An  air-powered  launcher  fires  plastic 
projectiles  without  using  explosive  pro- 
pellants.  It  therefore  does  not  generate 
high  temperatures.  The  launcher  was 
developed  for  combat  training  for  the  U.S. 
Army  It  also  has  potential  applications  in 
seismic  measurements,  avalanche  con- 
trol, and  testing  impact  resistance  of  wind- 
shields on  vehicles. 

In  comparison  with  prior  air  launchers, 

the  new  launcher  is  lightweight  and  re- 
liable. It  is  intended  to  consume  a  minimum 
amount  of  compressed  air  for  each  high- 
veiocity  launch  and,  therefore,  was  de- 
signed with  a  small-volume,  high-pressure 
air  reservoir.  The  reservoir  surrounds  the 
breech  of  the  launcher  so  that  the  airflow 
path  is  short  and  flow  losses  small. 

The  valve  that  releases  high-pressure 
air  to  the  breech  was  built  as  a  sleeve  to 
keep  the  stroke  short  and  enable  the  valve 
to  open  rapidly.  The  sleeve  configuration 
also  allows  projectiles  to  be  loaded  in  the 
conventional  way,  either  manually  or  auto- 
matically. 

When  the  reservoir  is  pressurized  be- 
fore a  launch,  the  rear  valve  chamber  is 
also  pressurized.  The  valve  is  thus  held  in 
its  closed  (forward)  position  by  differential 
pressure  (see  figure).  Just  before  a  launch, 
the  pressure  inlet  is  sealed.  At  the  launch 
time,  a  pilot  valve  is  energized  and  vents 
the  rear  valve  chamber.  The  pressure  in 
the  reservoir  then  forces  the  sleeve  to  its 
open  (rearward)  position.  As  the  sleeve 
opens,  the  high-pressure  air  in  the  reser- 
voir discharges  into  the  barrel  and  propels 
the  projectile  outward. 

After  the  discharge,  the  valve  is  quickly 
closed  again  by  differential  air  pressure, 
and  the  reservoir  is  recharged  with  com- 
pressed air.  At  the  same  time,  the  breech 
bolt  is  opened  and  a  new  projectile  insert- 
ed into  the  barrel. 

This  work  was  done  by  Thomas 
Andrews,  Roy  A.  Bjorklund,  David  G.  Elliott, 
and  Larry  K.  Jones  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory 
NPO-16763  /TN 
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With  Its  Reservoir  Pressurized,  the  air  launcher  is  ready  to  fire  (top).  When  the  pilot  valve  is 
opened,  the  sleeve  (the  main  valve)  moves  to  the  rear  (bottom).  The  projectile  is  rapidly  pro- 
pelled through  the  barrel,  pushed  by  air  from  the  reservoir. 
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Soil  Conservation  Service  computer 

U.S.  Department  of  Agriculture  Software 

Soil  Conservation  Service,  Washington,  DC.  Engineering  Div. 

Urban  Hydrology  Software  for  Small  Watersheds 

The  program  provides  simplified  procedures  to  calculate  storm  runoff  volume, 
peak  rates  of  discharge,  and  storage  volumes  required  for  stormwater 
detention  basins.  These  procedures  are  applicable  in  small  watersheds, 
especially  urbanizing  watersheds.  The  program  provides  for  hydrologic 
analysis  of  a  watershed  under  various  combinations  of  land  uses  using  single- 
event  storm  rainfall  frequency  data.The  program  can  accommodate  division 
of  the  watershed  into  subareas  and  will  estimate  individual  subareas  as  well 
as  total  area  peak  rates  of  runoff. 

The  software  is  contained  on  5  1/4  -inch  diskette,  double  sided,  double  density 
compatible  with  the  Telex  PC  microcomputer.  Diskettes  are  in  the  ASCII 
format.  The  SCS  TR-55  program  runs  on  IBM  compatible  microcomputers  with 
MS-DOS  (2.1)  capabilities  and  256  K  storage. 

FOR  ADDITIONAL  INFORMATION 

Contact  the  NTIS  Computer  Products  Center,  NTIS  Springfield,  VA  22161 ; 
(703)487-4763.   Reference  software  number  PB87-1 01 598/N AC.   Price 
includes  documentation. 
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Use  of  Miniaturized  Tests  to  Predict  Flow 
Properties  and  Estimate  Fracture  Toughness 
in  Deformed  Steel  Plates 


DOE/TIC/EG-86/115 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


INEk 

Idaho  National 

Engineering 

Laboratory 


A  miniaturized  testing  technique  has 
been  used  to  map  the  change  in  both 
flow  and  fracture  toughness  properties 
in  a  deformed  area.  The  data  obtained 
were  then  compared  with  tensile  mea- 
surements on  identical  materials.  The  use 
of  the  data,  coupled  with  micro-mechan- 
ical models  of  fracture,  allows  estimation 
of  the  deformed  material's  fracture 
toughness. 

Prediction  of  instability  in  a  structure  re- 
quires knowledge  of  the  mechanical  prop- 
erties of  the  materials  involved.  In  the  case 
of  serious  accident,  prediction  of  instability 
in  damaged  components  is  difficult  due 
to  insufficient  knowledge  of:  the  deformed 
material  fracture  toughness,  the  cracks  in- 
duced by  the  accident,  and  the  stress  state 
in  the  damaged  region. 

For  the  assessment  of  the  structural  in- 
tegrity of  damaged  and  deformed  compo- 
nents, prior  knowledge  of  the  change  in 
material  fracture  toughness,  size  and  ex- 
tent of  induced  defects,  and  subsequent 


stress  distributions  during  reloading  is 
required. 

The  paper  cited  here  evaluates  the 
change  in  fracture  toughness  and  flow 
properties  for  a  railroad  tank  car  steel 
plate  (A515  Grade  70)  after  deformation. 
It  further  describes  a  testing  technique  to 
measure  changes  in  material  flow  prop- 
erties. The  data  are  then  used  with  a  crit- 
ical fracture  strain  model  to  estimate 
relative  changes  in  material  fracture 
toughness. 

The  miniaturized  test  technique  uses 
measurement  with  a  miniaturized  shear 
punch  to  estimate  the  relative  change  in 
fracture  toughness  of  the  material.  Results 
using  the  shear  punch  technique  are  di- 
rectly compared  with  measured  fracture 
toughness  and  tensile  daia  for  the  same 
strained  material. 

The  information  contained  in  this  report 
will  be  of  interest  to  such  organizations  as 
materials  testing  laboratories,  industrial  re- 
search organizations,  and  universities. 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

The  Use  of  Miniaturized  Tests  to  Predict  Flow 

Properties  and  Estimate  Fracture  Toughness  in 

Deformed  Steel  Plates. 

Report  number:  EGG-M-05285/NAB 

Order  number:  DE86007644/NAB 

Price:  $9.95 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


For  additional  information,  contact: 
J.  M.  Welch 
EG&G  Idaho.  Inc. 
P.O.  Box  1625 
Idaho  Falls.  ID  834 15 
Telephone  No  :  (208)  526-8318 


F.  M.  Haggag 
EG&G  Idaho.  Inc. 
P.O.  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No:  (208)  526-9588 
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Marshall  Space  Flight  Center,  Alabama 


One-Piece  Force-Transducer  Body 

A  rugged  unit  is  designed  to 
operate  in  severe  environment. 


NOTES: 

1.  Linear  dimensions  are  in  inches. 

2.  $  means  diameter. 

3.  B.C.  means  between  centers. 

4.  R  means  radius. 
5  Typ.  means  Typical. 

6.  EDM  means  electrical-discharge  machining. 

7.  Ref.  means  for  reference  only. 
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SECTION  A  A 


The  Symmetrical  Force-Transducer  Body  is  machined  in  this  configuration  from  a  piece  of  bar  si     - 


A  force-transducer  body  is  designed 
for  the  measurement  of  loads  on  speci- 
mens tested  in  hydrogen  gas  at  tempera 
tures  up  to  2,000  °F  (1 ,090  °C).  Tl  ie  body 
has  a  symmetrical  radial -sheat  beam 
configuration  and  is  machined  in  one 
piece  from  bar  stock. 

Shear-beam  load  cells  are  in  general 
use.  Some  commercially  available  units 
are  of  the  rectangular  S-bena  beam 
design,  which  is  asymmetrical  about  the 


axis  of  load  application  This  asymmetry 
is  consideied  undesirable  Another  type 
of  commercial  unit  is  circularly  sym- 
metrical but  is  manufactured  in  several 
pieces,  with  spokes  radiating  from  a  cen- 
tral hub  to  an  outer  hub  through  a  bolt 
circle.  The  sensing  structuie  is  coiteu 
through  the  bolt  circle  to  a  second  cir- 
cular adapter  plate  that  incorporates  a 
central  thread  A  central  loading  thread 
is  thus  available  at  opposite  ends  of  the 


ioadcei;  assen  . 
The   symmetrica 


com  •  - 
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cause  fretting  fatigue  of  the  joint  sur- 
faces under  cyclic  reversed  loading.  The 
slippage  of  bolted  joints  can  cause 
hysteresis  in  the  measurements.  Even  if 
properly  designed,  bolted  joints  exhibit 
asymmetry  because  they  have  different 
spring  stiffnesses  in  tension  and  com- 
pression. 

The  new  symmetrical  load-cell  body 
(see  figure)  is  rugged  It  has  all  of  the 
stiffness,   strength,   accuracy,  and  low 


overall  height  of  a  conventional  two- 
piece  radial  shear  beam.  However, 
because  it  is  made  in  only  one  piece  — 
as  opposed  to  two  major  pieces  and  at 
least  eight  fasteners  in  the  conventional 
design  —  it  is  both  more  reliable  and  less 
expensive.  The  concentricity  between 
the  opposite  central  threads  is  machined 
in,  eliminating  the  need  of  alignment  in 
assembly.  The  new  configura'ion  has  no 
inherent    asymmetry   between   tension 


and  compression.  Finally,  the  new  unit  is 
easier  to  seal  against  the  environment 
because  there  are  no  bolted  joints,  each 
of  which  would  otherwise  have  to  be 
sealed  individually. 

This  work  was  done  by  Richard  A. 
Meyer  of  MTS  Systems  Corp.  for  Mar- 
shall Space  Right  Center. 
MFS-28140  /TN 
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U.S.  Army  Belvoir  R&D  Center 
Technology  Application 

Arny  Troup  Support  Connand.  Fort  Belvoir.  VA  22060 


Modified  Generator  Puts  Out  More  Power  with 
Less  Noise 

The  standard  generator  that  powers  the  Army's  Regency  Ccrrrnunications  Network 
has  been  modified  by  the  Troop  Support  Command's  Belvoir  REE  Center  to  comply 
with  local  noise  ordnances  in  populated  areas. 

In  addition  to  a  significant  reduction  in  the  noise  level,  electrical 
engineers  at  the  Center  have  increased  the  generator's  output  frcm  15  to  20 
kilowatts  and  "hardened"  it  to  resist  nuclear  attack. 

"The  requirement  came  from  the  project  manager  for  the  system  because  they 
needed  a  set  that  would  comply  with  local  noise  ordinances"  according  to  Dr. 
Larry  I.  Amstutz  of  the  Power  Generation  Division  of  the  Center's  Logistics 
Support  Directorate.   "We  decided  to  do  the  work  in-house  because  the  time 
schedule  was  too  short  to  send  it  out  on  contract". 

Work  on  the  project  involved  modifying  a  standard  15kW  generator  to  conver t 
it  to  20kW.   "That  was  easy,  Ronald  B.  White,  project  engineer  explained,  "What 
was  hard  was  to  silence  it  within  a  reasonable  weight  and  cost,  and  still  fit  it 
on  the  same  trailer." 

The  modified  set  consists  of  the  same  basic  parts  as  the  original  unit  so 
that  it  can  be  easily  supported  in  the  field.   "We  put  a  silencer  on  the  inlet 
air  filter,  installed  a  better  muffler,  isolated  the  vibration  between  the 
housing  and  the  generator's  working  parts,  and  installed  noise  baffles  in  the 
generator's  cooling  inlet  and  exhaust,"  White  said.   "And  we  did  all  that  v*ule 
increasing  the  weight  by  less  than  300  pounds.  That's  something  we're  really 
proud  of. " 
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Thanks  to  the  modifications,  the  generator  now  registers  less  than  65  dBA  at 
seven  meters  in  any  direction,  about  as  loud  as  a  normal  conversation.  Before 
the  modifications,  the  set  registered  80  to  85  dBA  and  was  so  loud  its  operator 
was  required  to  wear  hearing  protection. 

FOR  ADDITIONAL  INFORMATION: 

Public  Affairs  Office 

US  Army  Troop  Support  Command's 

Belvoir  Research  &  Development  Center 

Fort  Belvoir,  VA  22060-5606 

Tel:  (703)  664-5813  or  5598 

Refer  to:  Modified  Generator  10-86 
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The  state  of  the  art  of  densification 
technology  as  applied  to  producing  den- 
sified  refuse  derived  fuel  (RDF)  is  as- 
sessed and  evaluated  in  the  report  as 
discussed  here.  Aspects  of  the  technol- 
ogy, such  as  performance,  economics, 
pacing  problems,  operational  practice, 
and  available  equipment,  are  addressed 
as  these  relate  to  the  study. 

There  has  been  a  growing  interest  in 
the  past  decade  in  the  production  of  fuel 
from  municipal  solid  waste  The  fuel. 
called  RDF.  is  produced  by  mechanically 
separating  the  noncombustible  elements 
of  solid  waste  and  reducing  the  particle 
size.  RDF,  as  produced,  is  in  a  low-density 
form.  In  this  form,  it  is  typically  burned  in 
large  suspension-fired  boilers  as  a  sup- 
plement to  pulverized  coal. 

RDF  can  be  further  processed  to  a  form 
that  is  more  conducive  to  handling,  trans- 
portation, and  storage.  This  form  is  called 
densified  refuse  derived  fuel  (d-RDF)  and 
is  much  better  suited  for  stoker-fired  and 
other  boilers.  d-RDF  has  physical  proper- 


ties similar  to  those  of  coal,  this  makes   I 
easier  to  handle  arc  attribute  than  star 
dard   RDF  in  stoker-fireo  systems    Prob 

lems    exist    //ith    the   d-RDF   techno 
however,  and  those  oroc  ems  are  -...   . 
ated  m  this  research  report 

Individual  sections  of  the  report  are  de 
voted  to  each  aspect  of  the  tecl"  r  o  .'-  ■ 

(1 )  Description  of  chemical,  phys  i 
handling,  storage,  ana  comber  or  prop 
erties  of  d-RDF 

(2)  Evaluation  of  pellet  mills  ir    d-RDF 
production  applications 

(3)  Assessment  of  cuber  densihcai  .' 
techniques 

(4)  Assessment  of  other  ce^:"  :ai  ' 
techniques 

(5)  Overall  assessment  of  state  d(  the  i 
RDF  production  industry 

Information  contained  m  the  report 
here  is  of  potential  interest  to  waste  d  s- 

posal    firms,     municipalities.    a~c     ~."  ■ 
groups  concerned  with  multi-use  recyc   r  . 
of  solid  wastes 


FOR  ADDITIONAL 
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DOE  repon(s): 

An  Evaluation  of  Densification  Technologies 
Report  number  EGG-EA-6775/NAB 
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National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
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Preliminary  results  from  two  of  three 
initial  sites  established  as  part  of  an  in- 
tegrated global  background  monitoring 
network  indicate  basic  agreement  with 
initial  hypotheses,  that  the  Olympic  and 
Torres  del  Paine  National  Parks  are  not 
polluted.  Long-range  plans  call  for  the  es- 
tablishment of  a  worldwide  system  of 
monitoring  sites  to  determine  the  status 
of  pollution  worldwide. 

The  objectives  of  the  establishment  of 
the  three  sites  in  the  pilot  network  are: 

1.  Establish  reference  levels  for  acidic 
and  toxic  compounds  and  other  pollutants 
that  have  potential  for  global  contamina- 
tion. 

2.  Serve  as  early  warning  sites  for  de- 
tecting long-term  transport  of  acidic  and 
toxic  pollutants  and  potential  changes  of 
ecosystem  processes. 


3.  Establish  baseline  levels  for  selected 
ecosystem  parameters  against  which  data 
from  more  impacted  areas  can  be  com- 
pared. 

During  the  process  of  establishment  of 
such  baseline  parameters,  samples  of  soil, 
water,  air.  two  species  of  vegetation  (moss 
and  lichen),  and  forest  litter  were  collected 
and  analyzed.  The  samples  were  compared 
against  reference  samples  and  against  sim- 
ilar samples  from  the  other  initial  sites. 

The  report  as  cited  here  contains  useful 
information  for  monitoring  pollution  of  all 
remote  areas  and  assessment  of  the  mag- 
nitude of  pollution  by  the  Environmental 
Protection  Agency,  forestry,  and  other  en- 
vironmental organizations  both  in  the 
United  States  and  worldwide. 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

Integrated  Global  Background  Monitoring 

Network— Preliminary  Results  from  Torres  del  Paine 

and  Olympic  National  Parks. 

Report  number:  EGG-M-26785/NAB 

Order  number:  DE8  700053 1  /NAB 

Price:  $9.95 
Order  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


For  additional  information,  contact: 
J.  M.  Welch 
EG&G  Idaho.  Inc. 
P.O.  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No.:  (208)  526-8318 

or 

G.  B.  Wiersma 
EG&G  Idaho.  Inc. 
P.O.Box  1625 
Idaho  Falls.  ID  8341 5 
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&EPA         Project  Summary 


An  Interactive  Computer  Model  for  Calculating  V-l 
Curves  in  ESPs  Version  1.0 


The  manual  describes  two  microcom 
puter  programs  written  to  estimate  the 
performance  of  electrostatic  precipitators 
(ESPs):  the  first,  to  estimate  the  electrical 
conditions  for  round  discharge  electrodes 
in  the  ESP;  and  the  second,  a  modification 
of  the  EPA/SRI  ESP  model,  to  estimate  the 
particle  collection  efficiency  of  the  ESP 
operating  with  the  electrical  conditions 
predicted  by  the  first  program.  Both  pro 
grams,  written  in  the  BASIC  computer  lan- 
guage, are  designed  for  the  IBM-PC  and 
compatible  computers  and  the  Tandy 
2000  computer.  The  programs  require 
Advanced  BASIC  and  a  color  graphics 
adapter. 

The  V-l  program  allows  prediction  of 
electrical  conditions  for  both  positive  and 
negative   corona   and   for   arbitrary   dis 
charge  electrode  diameters  and  wire-to 
wire  spacing.  This  means  that  most  com 
mercial  discharge  electrode  geometries 
can  be  simulated  by  proper  selection  of 
wire  diameters  and  spacing. 

Both  the  V-l  and  performance  models 
are  completely  documented  in  the  report, 
including  a  discussion  of  the  theory  on 
which  the  models  are  based.  Most  of  the 
report  is  devoted  to  instructions,  with  ex- 
amples, for  using  both  models.  Guidance 
for  adapting  the  programs  to  other  com 
puters  is  also  presented. 

The  models  are  quite  useful  and  allow 
rapid  assessment  of  expected  ESP  perfor 
mance  under  a  wide  variety  of  conditions. 

Introduction 

Electrostatic   precipitators    (ESPs)    arc 
used  to  collect  particulate  pollutants  from 
a  wide  range  of  sources.  Considerable 
effort  has  been  spent  developing  com 
puter  models  for  predicting  the  perfor 
mance  of  ESPs.  The  most  successful  of 
these  models  is  the  EPA/SRI  ESP  model 
The  predictions  of  the  EPA/SRI  ESP  model 
have  ..been  verified  for  several  sources 
especially    for    coal  fired    power    plants 
Before  the  EPA/SRI  ESP  model  can  be 
used,  the  electrical  operating  conditions  in 
the  ESP  must  be  estimated  by  the  user  be 


cause  the  model  cannot  calculate  elec 
trical  conditions 

Because  electrical  conditions  in  the  ESP 
are  so  important,  the  V-l  predic'or  mode! 
described  in  this  report  was  written  In  the 
initial  development  of  the  model,  't  be- 
came apparent  that  rapid  mathema:  ca 
computation  would  be  necessary  Tnus.  it 
was  decided  to  use  analytic  approxima 
tions  as  much  as  possible  and  to  avoid  use 
of  numerical  solutions  of  partical  differen- 
tial equations.  This  led  to  the  development 
of  several  new  approximations  for  tne 
electrical  conditions  in  an  ESP  These  ap 
proximations  have  been  checked  agamst 
experimental  data  and  the  detailed  numer 
ical  solutions  In  all  cases  the  answers 
provided  by  the  approximations  were  m 
excellent  agreement. 

Model  Version  1.0  enables  the  prediction 

of  the  electrical  conditions  for  round  wire 
discharge  electrodes.  The  wires  in  a  given 
section  can  have  varying  diameters  and  be 
at  various  spacings.  The  effects  of  an  im- 
mobile, constant  space  charge  can  be  in- 
cluded, and  this  component  of  space 
charge  can  decrease  by  a  certain  fraction 
for  each  wire,  thereby  simulating  the  ef 
fects  of  real  particulate  space  charge  This 

System  Requirements 

The  programs,  developed  on  a  Tandy 
2000  microcomputer,  make  full  use  of  all 
its  graphic  capabilities  Because  o*  the 
large  number  of  IBM  PCs  in  use.  the  pro- 
gram was  written  to  include  the  capability 
to  run  on  those  machines  without  modifi- 
cation. However,  some  sacrifices  1  v:raph 
ics  are  noticed  when  the  models  are  run 
in  the  IBM  mode 

Tables  1  and  2  list  the  minimum  hard 
ware  and  software  requirements  for  run 
ning  the  program  and  suggest  options  that 
will  enhance  the  use  ol  the  programs 

The  models  could  be  rewritten  to  run  on 
other  computers.  However   the  modihca 
tions   required   to  adapt   the   ja;.t 
portions  of  the  program  to  computers  that 
do  not  use  Microsoft  BASIC    >■ 
extensive 
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Table  1.  Tandy  2000  Hardware  Requirements 

System  Minimum  Beneficial 


RAM  256  -256 

Disks  1  floppy,  2  floppies  or 

double  sided  1   floppy!  hard 

Graphics  High  resolution 

Color  Optional  Standard  or  Tandy 

CGP-220  for  graphics' 
Software  GW-BASIC 

DOS  2.11  or  higher 

alf  high  resolution  color  is  not  available,  the  Tandy   2000  can  be  run  as  an 
IBM  configured  computer. 


Table  2.         IBM  PC  PC-XT  PC-AT  Requirements 

System  Minimum  Beneficial 


RAM  128K  -256K 

Disks  1   floppy,  2  floppies  or 

double  sided  1   floppy'1  hard 

Graphics  Optional  High  resolution,  B&W 

Color  Optional  Color  monitor 

Printer  Optional  Standard 

Software  BASICA  (Advanced  BASIC) 

4 

DOS  2.0  or  higher 


P.  A.  Law/ess  is  with  Research  Triangle  Institute,  Research  Triangle  Park,  NC 
27709:  the  EPA  author,  Leslie  E.  Sparks  (also  the  EPA  Project  Officer,  see 
below),  is  with  the  Air  and  Energy  Engineering  Research  Laboratory,  Research 
Triangle  Park.  NC  27711 
The  complete  report  consists  of  two  parts,  entitled  "An  Interactive  Computer 
Model  for  Calculating  V-l  Curves  in  ESPs,  Version  1.0," 
Paper  copy  (Order  No.  PB  87-100  046,  AS;  Cost;  $24.95) 
Computer  diskettes  (2)  (Order  No.  PB  87  126  025.  Cost;  $90.00) 
The  above  items  will  be  available  only  from:  (costs  subject  to  change) 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 
US.  Environmental  Protection  Agency 
Research  Triangle  Park,  NC  2771  1 


Manufacturing, 
Machinery,  &  Tools 

568  Developing  a  Reliability-Centered  Maintenance  Plan —  Effective 
preventive  maintenance  can  be  implemented  with  minimum  expenditure 
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572  Multifunction  Vacuum  Chamber  for  IC  Metallization —  One  system 
performs  several  operations  without  transferring  wafers  between  vacuum 
chambers.  (Licensing  Opportunity) 

573  Laser  Vacuum  Furnace  for  Zone"Refining — A  laser  beam  is  scanned  to 
produce  a  moving  melt  zone.  (Licensing  Opportunity) 
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held  more  rigidly.  (Licensing  Opportunity) 

578       Steels  for  High-Temperature  Gears —  Potential  replacements  for  a 
standard  steel  are  evaluated. 
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Developing  a  Reliability-Centered  Maintenance  Plan 

Effective  preventive  maintenance  can  be 
implemented  with  minimum  expenditure  of  resources. 


A  report  presents  procedures  for  performing 
reliability-centered  maintenance  (RCM).  The  re- 
port, prepared  by  the  U.S.  Army  Material  Com- 
mand, is  a  guide  for  those  who  write  and  develop 
detailed  maintenance  plans  for  systems  and  equip- 
ment using  the  RCM  philosophy. 

RCM  is  a  disciplined  logic  or  methodology  used 
to  identify  preventive  maintenance  tasks  in  order  to 
realize  the  inherent  reliability  of  equipment  with  a 
minimum  expenditure  of  resources.  With  the  aid  of 
RCM  logic  and  the  RCM  technique  known  as  fail- 
ure mode,  effects,  and  criticality  analysis  (FMECA), 
a  scheduled  maintenance  plan  can  readily  be 
developed.  The  plan  will  include  maintenance 
tasks  and  maintenance  intervals,  and  will  provide 
information  for  overhaul,  age  exploration, 
economic  analysis,  and  redesign. 

FMECA  identifies  potential  design  weaknesses 
through  systematic,  documented  consideration  of 
the  likely  ways  in  which  a  component  or  equipment 
can  fail,  the  causes  for  each  failure  mode,  and  the 
effects  of  each  failure.  Age  exploration  is  a  sys- 
tematic evaluation  of  an  item  based  on  analysis  of 
information  collected  while  the  item  is  in  service 
(see  figure).  It  assesses  the  resistance  of  the  item 
to  a  deterioration  process  associated  with  increas- 
ing age. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 

Developing  a  Reliability-Centered  Maintenance 

Order  number:  AD-A170938/NAA 

Price  code;  A05 
Order  trom: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springlield.  VA  22161 
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bearing  rapt»cam*n1 


Operating  aga  In  flight  Nhw»  h^ci  tail 
bearing  replacement 

Age  Exploration  Yields  a  conditional  probability  curve 
derived  from  operating  experience  (top).  Here,  an 
engine-driven  generator  serves  as  an  example.  There  is 
little  change  in  the  failure  rate  unt'l  2.000  hours, 
thereafter,  the  conditional  probability  of  the  failure 
increases  as  this  failure  mode  becomes  more  dominant 
The  survival  curve  (bottom)  derived  from  the  conditional 
probability  curve  shows  the  probability  that  the 
generator  will  not  suffer  a  bearing  failure. 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Qovernment  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  In  this  document,  or  warrants  that  such  use  will  be  tree  trom  privately  owned  rights 
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Manufacturing  Fiber-Optic  Bundles  With  Low-Loss  Glass 

It  is  feasible  to  make  long  bundles  for  highly  sensitive  imagescopes 
and  similar  optical  instruments. 


A  program  has  shown  the  feasibility  of  making 
long  bundles  of  low-attenuation  fused  silica  fibers. 
The  program  for  the  U.S.  Army  Ballistic  Research 
Laboratory  produced  1 -meter  lengths  of  bundles 
having  a  4-  by  4-millimeter  cross  section.  The 
bundles  have  a  resolution  of  more  than  50  line  pairs 
per  millimeter,  transmission  of  greater  than  40  per- 
cent, and  numerical  apertures  ranging  from  0.26  at 
1,050  nanometers  to  0.29  at  400  nanometers.  An 
imagescope  was  fabricated  from  a  bundle  as  part 
of  the  program. 

The  basic  building  block  for  a  bundle  is  an  array 
six  by  six  fibers  square  in  a  matrix  of  low-index  clad- 
ding material.  A  layer  of  multifiber  arrays  is  laid  on  a 
traversing  drum  1  meter  in  circumference  and 
hand  packed  so  that  each  is  in  intimate  contact 
with  its  neighbors.  Epoxy  is  brushed  on  the  arrays 
to  hold  them  together.  The  epoxy  is  partially  cured, 
and  the  multifiber  ribbon  thus  formed  is  removed 
from  the  drum.  A  number  of  ribbons  are  stacked 
and  pressed  to  form  a  solid  block  of  fully  cured 
epoxy  holding  the  ribbons  together  in  a  bundle.  The 
bundle  can  then  be  mounted  in  the  imagescope 
hardware  and  polished. 

The  attenuation  in  multifiber  arrays  was  found  to 
range  from  about  0.26  dB/m  for  step-index  fibers  to 
about  0.55  dB/m  for  graded-index  material  (see 
figure).  These  values,  although  significantly  lower 
than  those  for  silica  glass  arrays,  are  still  higher 
than  the  attenuation  in  single  fused  silica  fibers. 
The  reasons  for  the  increase  over  single  fibers  are 
the  nonoptimum  core-to-cladding  index  ratio  in  the 
multifiber  and  the  greater  difficulty  in  controlling 
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Arrays  of  Step-Index  Fibers  have  slightly  lower 
attenuation  than  graded-index  arrays.  Improvements  in 
the  manufacturing  equipment  and  adjustments  in  the 
core  and  cladding  indexes  of  refraction  should  allow 
multif  ibers  to  approach  the  very  low  attenuation  of  single 
fibers. 

multifiber  geometry  during  drawing.  A  closed-loop 
measurement  system  like  that  used  in  monofiber 
manufacturing  would  ensure  precise  geometry 
control. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reportfs): 

A  Coherent  Fused  Silica  Fiber-Optic  Array. 

Order  number:  AD-A1 71083/NAA 

Price  code:  A02 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  In  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Navy  Manufacturing  Technology 

AEPp  Automated  Manufacturing  Research  Facility 

National  Bureau  of  Standards,  Gaithersburg,  MD  20899 


Draft  Standard  for  Robots  Issued 


A  draft  standard,  issued  in  January, 
1987,  defines  conformance  classes  and 
names  for  robots  and  robotic  systems 
used  in  communications  networks 
which  employ  the  Open  Systems  Inter- 
connection (OSI)  application  layer 
standard  EIARS511.  Upon  approval, 
the  new  standard,  to  be  known  as  RIA 
15.06-1986,  will  become  a  formal 
part  of  the  Manufacturing  Automation 
Protocol  (MAP). 

RS  511,  Manufacturing  Message 
Service  for  Bidirectional  Transfer  of 
Digitally  Encoded  *  Information  — 
Service  and  Protocol,  contains  many 
features  not  required  for  robots  and 
robotic  systems.  Some  would  be 
impractical  to  implement  in  robotic 
systems.  The  RIA  companion  stan- 
dard, developed  with  input  from  NBS, 
defines  a  family  of  subsets  of  RS  511 
for  this  application  area. 

Four  conformance  classes  for 
robots  are  provided  for  in  the  draft 
standard.  A  base  class  is  considered 
the  minimum  information  service  and 
protocol.  Conformance  classes  pro- 
vide the  flexibility  necessary  for  a 
robot  to  be  connected  as  a  slave  to 
a  network  or  to  act  as  a  controller  of 
other  equipment  such  as  vision  sys- 
tems or  grippers  or  to  operate  in  a 
network  of  peer  robots  and  other 
equipment. 


The  standard  recognizes  that  safe 
operation  of  robots  must  be  assured 
at  all  times  and  defines  safety  require- 
ments for  industrial  robots  and  robot 
systems.  All  robot  actions  defined  by 
this  companion  communication  stan- 
dard are  permissible  under  the  safety 
standard. 

The  RIA  committee  will  continue 
efforts  which  lead  to  the  formal  adop- 
tion of  this  robot  specific  application 
layer  of  MAP.  Additional  responsi- 
bilities of  the  committee  include  the 
review  and  critique  of  companion 
standards  which  affect  RIA  15.06  - 
1986. 

Since  initiation  of  this  effort, 
committees  on  numerical  control, 
programmable  logic  controllers, 
process  control,  and  vision  systems 
have  established  similar  efforts  to 
define  subsets  of  RS  511  for  their 
applications. 


For  Additional  Information: 

To  discuss  this  effort  further, 

contact: 
Dr.  James  Albus 
AMRF  Project  Manager 
Building  220— Room  B-124 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 
(301)  975-3418 
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Navy  Manufacturing  Technology 

AM^PF  Automated  Manufacturing  Research  Facility 

"  "  National  Bureau  of  Standards,  Gaithersburg,  MD  20899 


Turning  Workstation  Being  Developed  for  Mare 
Island  Naval  Shipyard 


NBS,  in  cooperation  with  the  Mare 
Island  Naval  Shipyard,  is  developing  a 
turning  workstation  for  use  in  produc- 
tion of  submarine  parts  used  by  the 
shipyard.  The  workstation  will 
initially  be  assembled,  programmed, 
and  tested  in  the  AMRF.  Upon 
completion,  the  workstation,  which  is 
designed  to  accommodate  one  robot 
and  two  turning  centers,  will  be  trans- 
ferred to  the  shipyard  in  California. 

The  first  parts  machined  at  Mare 
Island  will  be  a  family  of  vibration 
isolators  used  on  nuclear  submarines. 
The  workstation,  with  only  one  turn- 
ing center  initially,  will  machine  the 
metal  parts  that  form  a  rubber  insert 
sound  insulation  coupling  (RISIC). 

The  RISIC  is  a  critical  component 
of  the  sound  silence  program  for 
nuclear  submarines.  These  parts, 
which  have  a  limited  life  because  the 
rubber  seals  deteriorate  and  must  be 
replaced  at  least  every  five  years, 
are  among  the  Navy's  "difficult  to 
procure"  parts.  The  metal  parts  have 
a  longer  life  than  the  rubber  compo- 
nents, but  are  frequently  damaged  dur- 
ing replacement  of  the  rubber  seals 
or  display  corrosion  damage  and  must 
be  replaced. 


The  fittings  are  currently  manu- 
factured from  gunmetal  bar  stock  by 
the  Mare  Island  Naval  Shipyard  and 
other  shipyards  that  repair  and  refur- 
bish nuclear  submarines.  Applying 
automation  techniques  developed  at 
the  AMRF  is  expected  to  reduce  the 
total  production  time  of  the  parts  to 
approximately  two  hours. 

The  workstation  will  be  delivered 
to  Mare  Island  in  the  fall  of  1988.  It 
is.  an  example  of  the  way  in  which 
technology  developed  at  the  AMRF 
can  be  transferred  to  other  govern- 
ment facilities  or  private  industry, 
reducing  costs  and  production  times. 

NBS  is  looking  for  other  ways  to 
transfer  the  technology  developed  at 
the  AMRF.  If  you  would  like  to 
propose  such  a  project,  contact 
Dr.  Philip  Nanzetta,  AMRF  Project 
Manager. 

For  Additional  Information: 

To  discuss  this  effort  further, 

contact: 
Dr.  Phillip  Nanzetta 
AMRF  Project  Manager 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 
(301)  9^5-3421 
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Nato  tal  Aeroi  lautics  ai  id 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Licensing 
Opportunity 


Multifunction  Vacuum  Chamber  for  IC  Metallization 

One  system  performs  several  operations  without 
transferring  wafers  between  vacuum  chambers. 


A  vacuum  system  chamber  for  pro- 
cessing multilayer  metallization  on  in- 
tegrated circuits  (IC's)  performs  four 
operations  ordinarily  done  in  separated 
equipment.  The  chamber  etches  holes, 
removes  photoresist,  cleans  by  sputter 
etching,  and  deposits  the  final  layer  of 
metal. 

The  combined-function  chamber 
costs  less  than  the  separate  equipment 
performing  the  same  functions.  The 
chamber  avoids  exposing  the  integrated 
circuits  to  room  air  and,  consequently,  to 
oxidation  and  dust,  between  steps.  It  also 
eliminates  the  time  spent  in  transferring 
the  circuits  from  one  apparatus  to  the 
next. 

Unlike  the  conventional  process,  the 
multifunction  process  does  not  use  liquid 
acids  and  reducing  agents  for  hole  etch- 
ing and  photoresist  removal.  The  cost  of 
disposing  of  these  hazardous  materials 
is  therefore  avoided. 

The  chamber  (see  Figure  1)  contains 
turntables  that  continuously  turn  silicon 
integrated  circuit  wafers  to  ensure  uni- 
form processing  of  several  wafers  at  a 
time.  It  also  contains  radio-frequency 
and  magnetron  sputtering  guns.  External 
tanks  furnish  gases  to  the  chamber. 

Wafers  are  introduced  into  the  cham- 
ber after  transistors  or  other  circuit 
elements  have  been  formed  in  them  and 
after  layers  of  oxide,  metal,  more  oxide, 
and  photoresist  have  been  built  up. 
Holes  yet  to  be  formed  are  delineated  by 
the  photoresist  pattern.  In  the  first 
vacuum  processing  step,  a  mixture  of 
helium,  oxygen,  and  a  chlorofluorocar- 
bon  gas  is  admitted  to  the  chamber, 
forming  a  plasma"  under  the  radio- 
frequency  sputtering  gun.  A  permanent 
magnet  directs  the  plasma  to  the  wafer 
surface,  where  it  etches  away  the  oxide 
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Figure  1.  External  Tanks  Supply  Gases  to  the  vacuum  chamber  tor  'omiing  piasmas  A* 
manent  magnets  direct  the  plasmas  to  the  waters  as  ihey  pass  under  the  sputtering  guns. 
The  wafers  are  continuously  rotated  about  their  own  centers  and  about  tn«  centef  of  tne 
upper  turntable  for  uniform  coverage 
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in  the  holes,  exposing  the  metal  layer  at 
the  bottoms  of  the  holes  (see  Figure  2). 
When  etching  is  done,  the  gas  mixture  is 
pumped  out. 

In  the  second  step,  oxygen  is  admitted 
and  forms  an  oxygen  plasma  under  the 
radio-frequency  sputtering  gun.  This 
plasma  etches  away  the  photoresist  lay- 
er. It  also  forms  aluminum  oxide  at  the 
bottoms  of  the  newly  etched  holes.  The 
oxide  layer  prevents  the  formation  of 
good  contacts  and  must  be  removed. 

After  the  oxygen  has  been  pumped 
out.  argon  is  admitted.  The  argon  plasma 
under  the  radio-frequency  sputtering  gun 
cleans  the  entire  wafer  surface,  remov- 
ing the  aluminum  oxide  from  the  bottoms 
of  the  holes.  The  argon  is  then  pumped 
out. 

In  the  fourth  step,  the  magnetron  sput- 
tering gun  deposits  a  layer  of  metal  from 
a  target  onto  the  wafers.  This  layer  is  the 
upper  conductor  and  joins  the  lower  con- 
ductor through  the  holes.  The  wafers  can 
now  be  removed  from  the  chamber  for 
further  processing. 

This  work  was  done  by  Donald  E. 
Routh  and  Gian  Sharma  of  Marshall 
Space  Flight  Center. 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,437,961).  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center  Refer    to    MFS-25670.  f[N 
George  C.  Marshall  Space 
Flight  Center 
Technology  Utilization  Officer: 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight  Center, 
AL  35812 
(205)544-0014 


Figure  2.  The  Layer  Structure  of  a  silicon 
wafer  changes  at  each  processing  step. 
The  wafer  structure  shown  here  contains 
complementary  metal-oxide/semiconductor 
(CMOS)  transistors. 
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AFTER  SPUTTER  DEPOSITION  OF  METAL 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Marshall  Space  Flight  Center,  Alabama 


Laser  Vacuum  Furnace  for  Zone  Refining 

A  laser  beam  is  scanned  to  produce  a  moving  melt  zone. 


Figure  1.  The  Laser  Vacuum  Furnace  includes  a  vacuum  system  with  windows  to  admit  the  laser  beam  and  a  system  ot scanning  Of 
to  move  the  beam  over  the  surface  of  the  water  to  be  heat  treated. 


An  experimental  laser  vacuum  furnace 
scans  a  crystalline  wafer  with  a  high- 
power  C02-laser  beam  to  generate  a 
precise  melt  zone  with  precise  control  of 
the  temperature  gradients  around  the 
zone.  Intended  for  the  zone  refining  of 
silicon  or  other  semiconductors  in  low 
gravity  (where  convection  would  be  sup- 
pressed), the  apparatus  can  also  be  used 
in  normal  gravity. 

The  wafer  is  mounted  in  a  vacuum 
system  near  a  set  of  salt  windows  that 


permit  the  passage  of  infrared  and  visible 
light  (see  Figure  1).  A  system  of  mirrors 
mounted  on  a  large  translation  stage 
directs  the  laser  beam  toward  the  wafer. 
A  graphite  absorber  has  a  hole  in  the  mid- 
dle to  allow  the  beam  to  pass  but  stops 
the  beam  if  it  becomes  laterally  misa 
ligned.  A  lens  mounted  on  a  small  linear 
translation  stage  focuses  the  beam  to  a 
spot  on  the  wafer.  By  the  motion  of  its 
transaction  stage,  the  lens  is  focused  or 
defocused  slightly  to  obtain  the  desired 


spot  size  The  minimum  spot  diameter  ts 
about  0  5  mm. 

The  large  translation  stage  m 
slowly  to  the  right  or  the  left  whi*e  the 
laser  beam  is  scanned  rao«c  \  c«ck  arxj 
forth  across  the  wafer  (into  and  ou  c'  Iw 
page)  by  a  scanning  mirror  on  a  galvano- 
meter When  driven  c>  a  :-iangu»ar  wave 
at  any  comenient  frecxerw  .r  \-  rtXMl 
60 Hz.  the  laser  spot  moves  m  the  z»gzag 
pattern  shown  in  Figure  2  The  horizontal 
spacing  between  lines  is  exagge 
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here.  To  an  observer,  the  illuminated 
region  looks  like  a  perpendicular  line  that 
coincides  with  the  melt  zone  as  it  moves 
along  the  wafer. 

A  second  small  translation  stage  on 
the  large  stage  holds  an  absorber  to  trap 
the  portion  of  the  laser  beam  reflected 
from  the  sample.  Alternatively,  the  stage 
could  hold  a  concave  mirror  to  reflect  this 
energy  back  onto  the  wafer  to  increase 
the  heating  efficiency.  In  this  case,  the 
stage  is  driven  in  synchronism  with  the 
beam-scanning  galvanometer  but  at  such 
a  Dhase  that  the  incident  and  back- 
reflected  spots  move  in  opposite  direc- 
tions across  the  wafer  within  the  melt 
zone. 

The  temperature  in  the  melt  zone  is 
monitored  by  either  or  both  of  two  pyro- 
meters that  view  the  wafer  perpendicu- 
larly to  its  surface.  A  scanning  mirror 
moves  in  synchronism  with  the  large 
translation  stage  to  keep  the  melt  zone 
within  the  view  of  the  operating  pyro- 
meter. 

A  control  computer  (not  shown)  coor- 
dinates the  operation  of  all  the  equip- 
ment. It  monitors  the  laser  output  power, 
controls  the  laser  power  supply,  gener- 
ates the  driving  waveforms  for  the  scan- 


ning galvanometers,  and  commands  the 
stepping  motors.  The  computer  can  be 
programmed  to  provide  scanning 
speeds,  scanning  patterns,  and  laser 
powers  over  a  wide  range,  thereby  pro- 
viding a  range  of  melt-zone  movements 
and  temperature  distributions. 

This  work  was  done  by  Donald  B. 
Griner,  Frederick  W.  Zurburg,  and  Wayne 
M.  Penn  of  Penn-Penn  Research  Corp.  for 
Marshal!  Space  Flight  Center 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to: 

Penn-Penn  Research  Corporation 

2652  South  Main  Street 

P.O.  Box  3357 

Kennesaw,  GA  30144 
Refer  to  MFS-26043,  volume  and  number 
of  this  NASA  Tech  Briefs  issue,  and  the 
page  number.    MFS-26043  7/V 

George  C.  Marshall  Space 
Right  Canter 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)544-0014 
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Slow  Motion  Along  Wafer 

Produced  by  Large  Translation  Stage 

SCANNING  PATTERN  ON 

WAFER  SURFACE 


INSTANTANEOUS  APPEARANCE 
OF  SCANNED  REGION  AND  MELT  ZONE 


Figure  2.  The  Laser  Beam  Scans  rapidly 
across  the  wafer  while  the  wafer  moves  to 
the  right  or  left.  Since  the  crosswise  scan  is 
much  faster  than  the  lengthwise  scan,  to  a 
human  observer  the  scanned  zone  looks 
like  a  vertical  line  coincident  with  the  melt 
zone  at  any  given  moment. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Producing  Refractory  Microballoons 

Metals,  ceramics,  and  glasses  are  just 
some  of  the  possible  raw  materials. 


An  apparatus  produces  tiny  spherical 
shells,  or  microballoons,  from  refractory 
metals,  ceramics,  and  glasses.  The  micro- 
balloons are  generated  at  rates  of  400  per 
second  or  higher  with  uniform  shape  and 
size.  The  size  is  selected  from  a  wide  range 
of  diameters,  ranging  from  800  ^m  to  less 
than  150 /im. 

As  in  previous  processes,  microballoons 
are  formed  in  two  stages.  Liquid-shell  gener- 
ation and  free-fall  solidification.  Gas  is 
ejected  from  an  inner  orifice  into  molten 
shell  material  in  an  outer  orifice,  thus  form- 
ing a  bubble  that  hardens  as  it  falls  through  a 
vertical  chamber.  The  new  process,  how- 
ever, has  several  improvements  over  previ- 
ous processes: 

•  The  inner  orifice  is  now  recessed  (see  fig- 
ure) instead  of  being  coplanar  with  the 
outer  orifice;  as  a  result,  the  outer  orifice 
can  be  fabricated  with  a  smaller  diameter 
than  if  it  had  to  contain  the  inner  orifice; 
therefore,  smaller  balloons  can  be  gen- 
erated; 

•  The  Bernoulli  acceleration  in  the  flowing 
molten  material  in  the  nozzle  as  it  con- 
verges toward  the  orifice  tends  to  center 
the  gas  bubble  in  the  emerging  microbal- 
bon;  thus,  precise  concentricity  of  the  inner 
and  outer  orifices  is  no  longer  necessary; 

•  The  recess  distance  of  the  inner  orifice  i  e- 
duces  the  possibility  of  blockage  of  the 
outer  orifice  by  impurity  particles  en- 
trained in  the  melt;  a  ceramic  filter  further 
reduces  the  chances  of  undissolved  parti- 


cles from  reaching  the  outer  orifice,  and 
•  The  nozzle  and  crucible  are  made  of  the 
same  material  to  eliminate  differences  in 
thermal  expansion;  this  reduces  the  inci- 
dence of  gross  misalignment,  overstress. 
cracking,  and  leakage. 
In  many  cases,  the  crucible  and  nozzles 
could  be  made  of  machinable  graphite, 
which  is  compatible  with  a  variety  of  molten 
substances  including  refractory  ones  With 
conventional  machining,  the  inner  orifice  di- 
ameter can  be  made  as  small  as  50  ^m.  en- 
abling the  formation  of  microballoons  less 
than  150  pm  in  diameter.  Even  orifices  as 
small  as  1  ^m  can  be  made  with  such  tech- 
niques as  chemical  vapor  deposition,  laser 
machining,  and  slip  casting.  Materials  other 
than  graphite  can  be  selected  for  special 
applications 

The  inner  nozzle  is  an  integral  part  of  the 
filling-gas  tube,  which  supplies  gas  for  bub- 
bles at  a  constant  flow  rate.  The  flow  of  the 
melt  is  regulated  by  the  pressure  of  a  gas 
blanket  above  the  melt  in  the  crucible  The 
crucible  and  nozzle  assembly  is  enclosed  in 
a  bell  jar  above  a  vertical  drop  tube 

The  temperature  deci eases  from  the  top 
to  the  bottom  of  the  drop  tube.  This  allows 
the  normal  oscillations  of  the  liquid 
shell  —  which  promote  centering  of  the  gas 
core  in  the  shell  —  to  dampen  before  the 
shell  solidifies  Otherwise,  the  shell  could 
contain  frozen  oscillation  ripples  on  its  sur- 
face. At  the  same  time,  the  temperature 
profile  is  chosen  to  prevent  solidification 


from  occ'nrg  *cc  a'e   '    •  -    -     ■■■'-' 
aerodynamic  forces  mould  have  cs" 
and  oecentered  tne  m  cobaito^ 

The  droo  tube  is  45  *'  •  ■  "  -  -     * 
mef  a:  a  tyocai  temper*  J  - 
gas  m  the  upper  Dart  of  tie  c"i~c*r'  ~  y 
be  keot  at  or  near  i.500°C 
ioons  then  enter  a  cryoger  c  z'.'--     - 
about  -  195°C'or  rapoc^en:'  ng.  Fre 
the  microbaiioors  co  - 
ature  zone  at  the  bottom  of  tie  c^amoe' 

The  product  has  many  aooca'cr  -: 
microballoons  can  be  usee  for  examj  - 
fiuidized-oea  neat  e*cf~ange-s   a- 
tamers  for  hazardous  materia 
chemical  and  pharmace-'  ;a  proa 
solid  fuel  for  rockets  fue  conta   - 
fusion  power  experiments   short 
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Kay  Components  of  equipment  for  the  new 
microballoon  fabrication  process  are  the 
nozzle,  crucible  assembly,  and  drop  tube. 
The  recessed,  conical  inner  orifice  aids  in 
producing  uniform,  symmetrical  micro- 
balloons.  The  all-graphite  crucible  assembly 
is  resistant  to  misaiinement  and  cracks.  The 
drop  tube  ensures  timely  solidification  of 
the  microballoons 
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Redundant  Pyrotechnic/Manual  Release  Mechanism 

When  all  else  fails,  manual  intervention  is  possible. 


A  release  mechanism  is  designed  to 
be  operable  by  remote  control  even  if 
many  of  its  components  fail.  In  the 
unlikely  event  that  it  does  become  in- 
operable, it  can  still  be  actuated  manual- 
ly. 

The  mechanism  was  developed  for  re- 
leasing the  Space  Station  and  its  tether 
line  from  the  Space  Shuttle  in  orbit. 
There  are  two  such  mechanisms,  each 
having  two  releasable  links:  one  on  the 
Space  Station  side  and  one  on  the  Space 
Shuttle  side  (see  figure).  The  actuation  of 
either  link  on  either  mechanism  will  se- 
parate the  two  systems.  Such  a  mech- 
anism may  be  useful  on  Earth  for  the 
emergency  release  of  modular  struc- 
tures or  vehicle  sections. 

First,  a  pair  of  dual-initiator  pyro- 
technic pin  pullers  on  the  station  side  is 
fired  by  an  electric  signal  from  the  sta- 
tion so  that  the  open-faced  link  disen- 
gages from  its  cam  roller.  If  one  of  the 
initiators  or  pullers  in  a  pair  should  fail, 
the  link  will  still  disengage.  If  both  sets  of 
initiators  and  both  pin  pullers  fail,  the  pair 
of  pin  pullers  on  the  vehicle  side  would 
be  fired  by  a  signal  from  the  vehicle. 
Again,  if  one  of  the  initiators  or  pin  pullers 
should  fail,  the  link  would  still  open. 

Since  there  are  eight  pyrotechnic  initi- 
ators altogether,  the  probability  that  no 
release  will  occur  is  very  small  indeed. 
But  if  it  should,  or  if  a  power  failure 
should  prevent  firing  signals  from  being 
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RELEASE  BY  FIRING  OF  PIN  PULLERS  ON  STATION  LINK 


Two  Modes  of  Separation— on  the  station 
side  of  the  mechanism  (top)  and  on  the  vehi- 
cle side  (bottom)  ensure  highly  fail-safe 
operation.  If  only  one  of  the  eight  pyro- 
technic initiators  in  the  pin  pullers  fires,  the 
links  of  the  mechanism  will  separate. 


RELEASE  BY  FIRING  OF  PIN  PULLERS  ON  VEHICLE  LINN 
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sent,  a  crew  member,  working  outside 
would  turn  the  cam  roller  on  the  station 
link  by  180°  and  thereby  open  the  link. 
This  work  was  done  by  Gilbert  M. 
Kyrias  of  Martin  Marietta  Corp.  for  Mar- 
shall Space  Right  Center. 
MFS-28096  /TN 
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Compatibility  of  Greases  With  Seal  Elastomers 

Minimum  swelling  or  shrinkage  is  not  the  sole  criteria  for  choosing  materials. 


A  study  has  determined  swelling  or  shrinkage 
and  changes  in  physical  properties  of  several  com- 
mercial seal  elastomers.  The  elastomers  had  pre- 
viously been  exposed  to  multipurpose  greases. 
The  preliminary  results  of  the  study,  which  was 
done  by  the  U.S.  Army  Belvoir  Research,  Develop- 
ment, and  Engineering  ^Center,  indicate  that  com- 
patibility between  seal  and  grease  cannot  be  as- 
sumed merely  on  the  basis  of  favorable  minimum 
swelling  or  shrinkage. 

Eleven  seal  materials  encompassing  four  types 
of  elastomers  (nitrile,  silicone,  acrylic,  and 
fluorinated  polymers)  were  evaluated.  They  were 
exposed  to  three  greases,  selected  to  represent 
different  fluid  and  thickener  types:  (1)  a  low- 
viscosity  naphthenic  mineral  oil  and  a  calcium 
thickener,  (2)  a  combination  of  PAO-SHC  fluid  and 
mineral  oils  with  a  lithium  12  hydroxystearate 
thickener,  and  (3)  a  PAO-SHC  fluid  thickened  with 
polyurea. 

The  data  generated  in  the  study  clearly  em- 
phasize the  complexity  of  compatibility  between 
elastomers  and  wheel-bearing  greases.  Static  im- 
mersion testing  can  be  used  to  screen  out  obvious 
poor  seal  compounds.  However,  selection  of  op- 
timum seal  candidates  involves  compromise;  i.e., 
what  degree  of  modulus  buildup  and  swelling  or 
shrinkage  can  be  tolerated  without  sacrificing  ser- 
vice life. 

Limits  based  on  the  high  performance  of  Viton 
fluoroelastomer  compound  WB-10  (see  table) 
would  preclude  acceptance  of  seals  fabricated 
from  nitrile,  acrylic,  or  silicone  rubber.  Ideally,  ac- 
ceptance criteria  should  be  supplemented  by 
dynamic  performance  tests  and  limits.  Additional 
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percentage  based  on  the  swollen  cross-sec*  onal  area 
(Indicated  by  an  asterisk) 
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Yielding  and  Deformation  of  PWA 1480  Superalloy 

Three  distinct  temperature  regimes  are  found. 


Interrupted  tensiie  tests  have  been  conducted  to 
fixed  strain  levels  on  <001>  oriented  single 
crystals  of  the  nickel-base  superalloy  PWA  1480. 
Testing  was  done  in  the  temperature  range  from  20 
to  1 ,093  °C  at  strain  rates  of  0.5  and  50  percent  per 
minute. 

No  currently  available  precipitation  hardening 
model  could  adequately  describe  the  behavior  ob- 
served in  the  low-temperature  regime  because  the 
penetration  into  the  precipitate  was  not  rate- 
limiting  at  all  temperatures.  In  the  high-tempera- 
ture regime,  the  functional  form  of  the  Brown-Ham 
bypass  model  fit  the  data  fairly  well.  The  study, 
which  was  done  for  the  U.S.  Army  Aviation  Re- 
search and  Development  Activity  (AVSCOM), 
demonstrated  that  the  initial  deformation  mech- 
anism was  frequently  different  from  that  which 
would  be  inferred  from  examination  of  failed  speci- 
mens. 

The  yield  strength  was  constant  from  20  to 
760  °C,  above  which  the  strength  dropped  rapidly 
and  became  a  strong  function  of  strain  rate.  The 
high-temperature  data  could  be  represented  well 
by  an  Arrhenius-type  equation,  leading  to  three 
distinct  temperature  regimes  (see  figure).  At  high 
temperatures,  the  true  activation  energy  for  yield1 
ing  was  calculated  to  be  500  kj/mol.  At  low  temper- 
atures, the  activation  energy  was  zero.  Intermedi- 
ate temperatures  exhibited  transitional  behavior. 
The  deformation  substructures  could  also  be 
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ing becomes  dominant.  At  very  large  particle  sizes, 
Orowan  bypass  becomes  competitive  with  shearing. 


grouped  in  the  same  three  regimes,  indicating  a 
fundamental  relationship  between  the  deformation 
mechanisms  and  the  activation  energies. 
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Steels  for  High-Temperature  Gears 

Potential  replacements  for  a  standard  steel  are  evaluated. 


A  report  describes  the  heat-treatment  re- 
sponses of  the  most  prominent  candidate  steels  for 
high-temperature  aircraft  gears:  Vasco  X-2M, 
CARTECH  X-53  (PYROWEAR  53),  and  CBS600. 
The  report,  which  was  prepared  by  the  U.S.  Army 
Mechanics  and  Materials  Research  Command, 
also  discusses  three  additional  alloys  —  M50Nil_, 
CBS100M,  and  AMAX  B  —  in  less  detail. 

The  report  presents  the  effect  of  tempering  tem- 
perature on  Rq  hardness  value  isee  figure).  From 
the  data,  it  is  estimated  that  Vasco  X-2M, 
CARTECH  X-53,  and  CBS600  can  operate  continu- 
ously at  315,  275,  and  230  °C,  respectively. 

Vasco  X-2M  is  the  only  high-temperature  gear 
steel  currently  flying  in  the  mam  drive  trains  of 
helicopters  in  the  United  States.  Because  of  the  ex- 
tensive engineering  data  available  on  this  alloy,  its 
long  history  of  manufacturing  development,  and 
the  significant  improvements  in  its  properties  over 
the  years,  it  seems  the  obvious  choice  for  critical 
aircraft  applications.  However,  both  CBS600  and 
CARTECH  X-53  have  higher  fracture  toughness. 

CBS600  is  a  carburizing  steel  used  in  roller  bear- 
ings at  temperatures  up  to  230  °C.  Except  in 
special  applications,  however,  it  is  not  expected  to 
find  wide  application  in  helicopter  drive  trains  be- 
cause its  high-temperature  capability  is  only  mar- 
ginal and  because  secondary-hardening  tool  steels 
are  approaching  its  high  fracture  toughness. 

Despite  improvements  in  Vasco  X-2M, 
CARTECH  X-53  still  has  significantly  higher  frac- 
ture toughness.  It  appears  that  X-53  could  become 
a  competitor  to  Vasco  X-2M  as  the  next  aircraft- 
quality  high-temperature  gear  steel,  but  it  is  not 
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for  the  prime  candidate  steels  are  contrastec  ■• 
curve  for  AISI  9310.  a  representative  hign-strength  alloy 
steel.  Also  shown  are  the  maximum  operating  tempe'a- 
ture  ranges  tor  present  and  future  helicopter  transmis- 
sions. 


clear  whether  the  possible  benefits  are  worth  the 
added  costs  of  the  necessary  engineering  and 
manufacturing  studies 
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Thermal  Analysis  of  Epoxy  Mixtures 

Differential  scanning  analysis  is 
used  to  study  the  curing  of  resins. 


The  curing  behavior  of  epoxy  resins  has  been 
studied  by  differential  scanning  calorimetry  The 
study  was  done  by  the  U.S.  Army  Materials  Tech- 
nology Laboratory. 

The  differential  scanning  analysis  was  carried 
out  in  open  aluminum  pans  with  a  thermal  analyzer. 
The  role  of  dicyandiamide  (dicy)  as  a  high-tempera- 
ture hardening  agent  was  explored.  The  cure  of 
epoxy  resins  by  dicy  is  dramatically  accelerated  by 
a  class  of  trisubstituted  urea  derivatives  such  as 
Monuron  (or  equivalent).  The  accelerator  (urea) 
undergoes  a  cyclocondensation  reaction  with  the 
epoxy  ring  to  form  a  2-oxyzolidone  derivative. 

A  computer  program  calculated  the  constants 
for  various  epoxy  blends.  The  program  considered 
the  cure  temperature  used  in  practice  and,  at  that 
temperature,  determined  dynamic  reaction  rates. 
The  rates  reflect  the  rapidity  with  which  a  sample 
approaches  maximum  heat  flow.  The  dynamic  re- 
action rates  and  the  infrared  analysis  of  the  isother- 
mally  cured  epoxy  blends  were  mutually  consis- 
tent. 

For  a  mixture  of  95.9  percent  epoxides  and  4.1 
percent  urea  by  weight,  an  analysis  with  a  heating 
rate  of  0.5°C/mm  produced  a  heat  of  reaction  of 
73.5cal/g.  A  higher  heating  rate  (2°C/min)  de- 
creased the  caloric  value  to  20.6  cal/g  (see  figure). 
An  epoxy/dicy/Monuron  system  cured  at  130  °C 
yielded  a  heat  of  reaction  of  100.9  cal/g.  The 
dynamic  reaction  of  the  same  system  measured  at 
2°C/min  gave  a  caloric  value  of  102.4  cal/g.  The 
caloric  agreement  between  the  two  heating  modes 
makes  it  possible  to  calculate  the  isothermal  yields 
of  samples  that  do  not  realize  total  cure. 
Project  officer  Robert  E.  Sacher 
(617)  923-3147  or  AV  955-3147 
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176  °C 


Different  Heating  Rates  yield  different  heats  of 
reaction  (q^).  A  low  heating  rate  (top)  produces  a 
stronger  exothermic  reaction  than  a  high  heating  rate 
(bottom). 


FOR  ADDITIONAL  INFORMATION. 

You  c  an  learn  more  details  about  this  technology  by  ordering  the  NTIS  repon(s) 
'hermal  Analysis  of  Various  Epo*y  Mixtures 
Irder  number  ADAI67609/NAA 
''rice  code  A02 

Ordc  from 

National  Technical  Information  Service 
•i2S5  Port  Royal  Road 
Springfield  VA  271& 
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Carburized  Steels  for  High-Temperature  Service 

A  2.3-percent-nickel  low-carbon  steel  is  found  to  be  both  hard  and 
tough;  aircraft  gears  and  bearings  are  likely  applications. 


Five  steels  similar  to  CBS1000  and  low-carbon 
M50  compositions  were  evaluated  for  carburizing 
characteristics,  temper  resistance,  hot  hardness, 
and  carburized  fracture  toughness.  In  the  evalua- 
tion for  the  U.S.  Army  Materials  and  Mechanics  Re- 
search Center,  silicon,  molybdenum,  and  nickel 
levels  were  varied  in  an  effort  to  identify  a  composi- 
tion that  would  maintain  a  surface  hardness  of  58 
HRC  minimum  at  315  °C  without  deterioration  of 
fracture-toughness  properties. 

Such  steels  are  likely  to  find  application  in  air- 
borne equipment,  where  a  prime  concern  is  to 
avoid  a  brittle  fracture  in  gearing  or  bearings;  such 
a  fracture  could  lead  to  catastrophic  engine  or  pro- 
pulsion-system failure.  Projected  requirements  for 
advanced  aircraft  and  helicopters  suggest  that  cur- 
rently used  through-hardened  materials  will  no 
longer  be  adequate  for  these  applications  because 
of  their  low  fracture  toughness.  Hence  there  is  an 
interest  in  carburized  materiels,  which  have  some- 
what similar  surface  characteristics  to  the  through- 
hardened  materials  but  have  inherently  higher  core 
toughness  because  of  the  lower  core-carbon 
levels. 

Silicon  and  nickel  were  both  found  to  retard  car- 
burization  but  to  have  little  influence  on  hardness 
retention  or  fracture  toughness.  A  composition 
with  2.3  percent  nickel  was  found  to  have  optimum 
carburizing,  hardness,  and  fracture-toughness 
properties. 

This  modified  steel,  called  steel  D,  showed  an 
improvement  over  CBS1000  in  case  fracture 
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Rolling-Contact-Fatigue-Tests  of  stee1  D  produce   : 
suits  similar  to  those  for  M50  steel  The  fatigue 
tance  is  somewhat  less,  however,  than  that  of  SAE  3310 
and  4118  steels. 

toughness,  but  the  core  fracture  toughness  was 
lower  than  that  of  CBS100C.  The  modified  stee 
tested  in  rolling-contact  fatigue  and  found  to  oe  s  - 
milar  in  performance  to  through-hardenec 
(see  figure). 
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Variability  in  Metal-Matrix  Composites 

Source  of  variability  are  analyzed,  and  metal  matrices 
are  compared  with  polymer  matrices. 


A  study  has  examined  two  sources  of  variability 
in  fiber-reinforced  metal-matrix  composites:  the 
metal-matrix  structure  and  metal-matrix  coating 
process.  The  study  by  the  U.S.  Army  Materials 
Technology  Laboratory  defined  the  roles  of  the  two 
sources,  identified  and  modeled  the  dominant  pa- 
rameters, and  measured  the  behavior  of  a  gra- 
phite-fiber, aluminum-matrix  composite. 

The  statistical  strength  of  several  graphite 
scools  was  measured  by  testing  single-filament 
specimens  at  the  beginning  and  end  of  the  spools; 
the  statistical  parameters  associated  with  the 
strength  variability  among  the  spools  and  within  a 
spool  were  thereby  characterized.  Graphite/alumi- 
num wire  produced  by  a  continuous  liquid-infiltra- 
tion process  was  tested  in  tension.  The  metal-ma- 
trix  statistical  strengths  from  different  spools  were 
compared  with  the  statistical  strengths  of  the 
parent  fibers. 

The  results  of  the  study  suggest  that,  given  pro- 
per interpretation,  single-filament  fiber  strength  is  a 
sensitive  parameter  for  quality  assurance  of  metal- 
matrix  composites.  In  addition,  the  study  com- 
pared the  dominating  parameters  for  a  typical  poly- 
mer matrix  with  those  for  an  aluminum  matrix  (see 
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Key  Parameters  for  Matrices  were  compared  for 
polymer  and  aluminum.  The  matrix  effectiveness  is  pro- 
portional to  the  ratio  of  matrix  strength  to  fiber  strength, 
to  the  ratio  of  the  shear  modulus  to  the  fiber  modulus, 
and  to  the  ratio  of  the  matrix  ultimate  strain  to  the  fiber  ul- 
timate strain.  The  greater  the  numerical  value  of  each  of 
these  ratios,  the  stronger  the  composite  will  be. 

table).  The  study  concludes  that,  given  the  same 
fiber  material,  aluminum  should  be  more  effective 
than  polymer  as  a  matrix  binder  material  for  high- 
performance  composites. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  th  s  technology  by  ordering  the  NTIS  reportls) 
Statistical  Streir/th  Comparison  nl  Metal  Matrix 
and  Polymeric  K'atm  Composites 
Order  number  AOAt68fl'l7'NAA 
Price  code  A03 

Order  from 

National  Technicil  information  Service 
5285  Port  Royal  Road 
Springfield.  VA  r.^6) 
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Deuterides  of  Rare-Earth/Transition-Metal  Alloys 

Neutron  diffraction  studies  shed  light 
on  both  crystal  and  magnetic  structures. 


Neutron  diffraction  experiments  were  per- 
formed on  rare-earth/transition-metal  alloys  and 
alloy  deuterides.  The  object  of  the  study  for  the  U.S. 
Army  Research  Office  was  to  determine  the  crystal 
and  magnetic  structures  of  the  materials. 

At  77  K,  Ho6Mn23  was  found  to  have  a  face-cen- 
tered-cubic  crystal  structure  and  a  noncollinear 
magnetic  structure  (see  figure),  with  the  Ho  mo- 
ments tilted  at  an  angle  of  33.4°  to  the  Mn  mo- 
ments. Unusually  low  Ho  moments  were  meas- 
ured in  the  alloy  and  its  deuteride,  HogMn^D^. 

Three  Y6(Fe1  _  XAIX)23  compounds  (x  =  0.05, 
0.10,  0.15)  at  523  and  77  K  revealed  substantial 
preferential  atomic  ordering  of  Fe  and  Al  atoms  on 
the  four  transition  crystallographic  sites.  The  Fe 
atoms  exhibited  different  magnetic  moments  on 
the  four  sites. 

The  ternary  alloys  Y6(FexMn1  _  ^  exhibited  in- 
teresting magnetic  behavior  over  a  range  of  solid 
solutions  of  iron  and  manganese.  As  x  increases, 
the  ordering  temperature  increases  dramatically. 

The  effect  on  magnetic  properties  of  substitution 
of  Fe  by  Al  in  R2(Fe1  _XAIX)14B  compounds,  where 
R  =  Y  or  other  rare  earths,  was  investigated.  The 
experimental  data  indicate  that  intermetallic  com- 
pounds based  on  Nd2(Fe1_x_yAlxCoy)14B  have 
both  high  Curie  temperatures  and  high  coercive 
fields.  It  therefore  appears  possible  to  improve  the 
thermal  properties  and  reduce  the  total  losses  of 
Nd/Fe/B  magnets  by  substitution  of  Fe  with  Al  and 
Co  atoms. 


'M06Mn?3&22 





12  16  ?i 

Magnenc  Field  «  IkOel 

Magnetization  Curves  are  plotted  for  the  ailoy 
Ho6Mn23and  its  deuteride.  The  magnetization  de- 
creases with  increasing  temperature,  possibly  in- 
dicating an  increasing  magnetic  disorder  in  the 
rare-earth  sublattice;  such  disorder  would  lead  :o 
a  lower  average  magnetic  moment  pe'  atom 
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Consolidation  Methods  for  Rapidly  Solidified 
Type  304  Stainless  Steel 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/143 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


A  report  has  been  prepared  which  pro- 
vides product  microstructure  evaluation 
data  for  compaction  (by  three  different 
methods)  of  centrifugally  atomized  and 
vacuum  gas  atomized  rapidly  solidified 
metal  powders. 

Rapidly  solidified  Type  304  stainless 
steel  powders  can  be  consolidated  to  full 
density  by  explosive  compaction,  hot  iso- 
static  pressing,  hot  pressing.  ,and  'hot  ex- 
trusion. The  report  cited  herein  discusses 
the  merits  of  the  various  consolidation  pro- 
cesses in  terms  of  producing  fully  dense, 
metallurgically  bonded,  monolithic  forms 
suitable  for  engineering  applications. 

Several  conclusions  are  cited: 

•  Powders  processed  by  centrifugally 
atomized  (CA)  and  vacuum  gas  atomized 
(VGA)  methods  were  generally  spherical. 

•  The  VGA  powder  tends  to  have  a  finer 
particle  size,  and  many  of  the  particles 
have  small  satellites. 

•  The  smoother  CA  powder  has  a  higher 
pour  density,  although  both  powders  can 
be  settled  to  greater  than  65%  of  the  theo- 
retical density.  The  larger,  more  spherical 
CA  powder  appears  to  be  more  suited  to 
explosive  consolidation. 


•  The  finer  average  particle  size  of  the 
VGA  powder  may  be  an  advantage  for  hot 
isostatic  pressing. 

•  The  VGA  powder  has  a  somewhat 
thicker  oxide  layer,  which  is  apparent  in 
the  microstructure  after  consolidation  by 
hot  isostatic  pressing  where  there  is  little 
mechanical  dispersion. 

•  In  general,  there  is  no  evidence  of  an 
influence  of  the  oxide  layer  on  the  con- 
solidation of  the  CA  powder. 

•  Evidence  of  the  original  microstructure 
from  the  powder  can  still  be  seen  after 
hot  pressing,  hot  isostatic  pressing,  and 
shock  consolidation. 

•  Hot  extrusion  results  in  a  dynamically 
recrystallized  microstructure. 

•  Only  explosive  consolidation  results  in 
retention  of  metastable  ferrite  in  the 
powders. 

The  work  cited  here  summarizes  the  on- 
going investigations,  and  the  information 
is  of  use  for  developing  industrial  pro- 
cesses to  handle  the  materials. 


FOR  ADDITIONAL 
INFORMATION 


Reference(s): 

R.  N.  Wright.  J.  E.  Flinn.  and  G.  E  Korth. 
Consolidation  Methods  for  Rapidly  Solidified  Type 
304  Stainless  Steel.  Metal  Powder  Report 
EGG-J-00886.  April  1986. 


For  additional  information,  contact: 
Jane  M.  Welch 
EG&G  Idaho.  Inc. 
P.O.  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No.:  (208)  526-83 11 
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New  Structural  Materials  Technologies 

Opportunities  for  the  Use  of  Advanced  Ceramics  and  Composites 


The  past  25  years  have  witnessed  remarkable 
developments  in  structural  materials  technologies; 
new  nonmetallic  materials,  such  as  ceramics  and 
polymer  matrix  composites,  are  replacing  metals 
in  a  wide  variety  of  applications,  ranging  from 
cutting  tools  to  tennis  rackets.  The  new  materi- 
als represent  both  an  opportunity  and  a  challenge 
for  U.S.  manufacturing  industries.  In  an  era  of 
concern  about  the  long-term  economic  viability 
of  the  manufacturing  sector,  they  open  a  prom- 
ising avenue  to  renewed  international  competi- 
tiveness, new  industries,  and  employment  oppor- 
tunities. 

By  the  year  2000,  large  markets  for  ceramic  and 
composite  products  will  be  found  in  military, 
aerospace,  automotive,  medical,  and  construction 
applications.  However,  these  opportunities  can- 
not be  taken  for  granted.  The  United  States  does 
not  enjoy  a  comfortable  lead  (indeed  it  often  lags) 
in  new  structural  materials  technologies;  key  ad- 
vances continue  to  come  from  abroad.  Moreover, 
through  well-coordinated  government-industry  ef- 
forts, several  countries  have  succeeded  in  bring- 
ing ceramic  and  composite  products  to  the  mar- 
ket years  in  advance  of  comparable  U.S.  products. 
Japan  in  particular  has  initiated  aggressive  pro- 
grams to  commercialize  its  evolving  materials 
technologies.  In  order  to  realize  the  promise  rep- 
resented by  the  new  materials,  a  consensus  is  de- 
veloping in  the  materials  community  that  U.S. 
policymakers  in  government,  universities,  and  in- 
dustries will  have  to  come  together  to  define  fea- 
sible goals  and  materials  applications,  coordinate 
research  and  development  efforts  toward  these 
goals,  and,  especially,  focus  on  reducing  the  bar- 
riers to  commercial  introduction  of  advanced  ce- 
ramic and  composite  products. 

A  technical  memorandum  assesses  the  oppor- 
tunities for  the  use  of  structural  ceramics  and  poly- 
mer matrix  composites  in  the  next  25  years,  out- 
lines the  research  and  development  priorities 
implied  by  those  opportunities,  and  concludes 
with  a  discussion  of  some  key  prerequisites  for 


The  Family  of  Structural  Materials 


The  family  of  structural  materials  includes  ce-ar-  cs.  poi) 
mers,  and  metals.  Reinforcements  added  to  these  materials 
produce  ceramic  matrix  composites  (CMCs).  poiyme*  rra#-  > 
composites  (PMCs),  and  metal  matrix  composites  (MMCs 
Materials  in  the  shaded  regions  are  discussed  in  this  'e: 


Some  Future  Applications  of 
Structural  Ceramics 
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their  realization.  A  parallel  treatment  of  metal  ma- 
trix composites,  as  well  as  a  discussion  of  public 
policy  options  for  accelerating  the  development 
and  commercialization  of  advanced  structural  ma- 
terials, is  deferred  until  the  final  report.1 


I'roiected  publication  date  September  1987. 


For  Additional  Information: 

The  report  presenting  the  overview  of  these  new  oppor- 
tunities is  available  from  the  National  Technical  Infor- 
mation Service  (NTIS),  Springfield,  VA  22161:  (703) 
487-4650.  Refer  to  order  number,  PB87-1 18253/NAC, 
price  code  A05. 
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Behavior  of  Pressurized  Incoloy  800H  Tubes 
in  Environments  Pertaining 
to  Coal  Gasification 
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This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 
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Interdependencies  between  applied 
stress  and  environmental  parameters 
have  been  investigated  for  Incoloy  800H 
pressurized  tubes  in  environments  having 
oxygen  and  sulfur  potentials  under 
temperature  conditions  similar  to  those 
of  coal  gasification  processes.  The  results 
have  been  reported  and  discussed. 

Components  in  coal  gasification  plants 
are  subjected  to  severe  conditions,  which 
include  high  temperatures,  low  oxygen  ac- 
tivities, and  significant  sulfur  potentials. 
Many  of  these  components  will  contain 
tubular  metallic  products  subjected  to 
stresses  from  pressurization,  thermal  cy- 
cling, structural  loading,  etc.  Enhanced  un- 
derstanding of  behavior  under  the 
combined  influences  of  stress  and  envi- 
ronment will  contribute  to  materials  se- 
lection and  performance  predictions. 

Incoloy  800H  was  used  to  examine  the 
combined  influences  of  environment  and 
stress  in  sulfur-bearing  environments  sim- 
ulating those  of  coal  gasification.  Tubular 
specimens  were  pressurized  during  expo- 
sures at  870°C  in  environments  with  con- 
trolled oxygen  and  sulfur  potentials. 
Lifetimes,  ductilities,  and  failure  modes 
were  determined.  The  influence  of  preox- 


idation  on  lifetime  was  investigated  Mech- 
anisms contributing  to  failure,  i.e ..  surface 
cracking  and  the  development  of  phases 
both  on  and  within  the  alloy  were  inves- 
tigated relative  to  sulfur  potentials,  time, 
and  strain. 

The  investigation  reports,  among  other 
conclusions,  that  the  stresses  from  pres- 
surization or  induced  surface  cracking  did 
not  promote  the  development  of  external 
sulfides  in  environments  associated  with 
the  oxide  forming  regime.  Internal  damage 
in  the  form  of  sulfur  and  oxygen  penetra- 
tion and  precipitation  along  grain  bound- 
aries was  promoted  by  stresses  sufficiently 
high  to  cause  deformation.  These  pene- 
trations were  related  to  incurred  strain 
rather  than  stress/time  history  Greater 
penetrations  were  also  observed  with  in- 
creasing sulfur  content.  These  substantial 
penetrations  resulted  in  reduced  lifetimes 
and  ductilities  at  higher  stress  levels  in 
sulfur-bearing  gases  relative  to  those  m 
air  and  an  environment  with  a  reduced 
partial  pressure  of  oxygen 

These  results  are  valuable  material  prop- 
erty information  for  suppliers,  design  en- 
gineers, and  users. 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

Behavior  of  Pressurized  Incoloy  800H  Tubes  in 
Environments  Pertaining  to  Coal  Gasification. 
Report  number:  EGG-MS-6852/NAB 
Order  number:  DE850 1 6533  /NAB 
Price:  $11 .95 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


For  additional  information,  contact 
J.  M  Welch 
EG&G  Idaho.  Inc 
PO.  Box  1625 
Idaho  Falls.  ID  83415 

Telephone  No    (2081  526-8318 
or 

J  E  Flmn 
EG&G  Idaho.  Inc 
PO  Box  1625 
Idaho  Falls.  ID  834 1 5 

Telephone  No    (208)  526-8 1 2  7 
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Fire-Resistant  Belt  Panel  for  Airplane  Windows 

The  layered  structure  incorporates 
materials  that  generate  little  smoke. 


A  window-belt  panel  for  airplanes  is  fire 
resistant  and  generates  little  smoke  when 
exposed  to  flames.  The  panel  incorporates 
a  fire-shield  layer  that  adds  minimal 
weight  but  delays  or  prevents  a  fire  from 
burning  through. 

The  structural  core  of  the  panel  (see 
figure)  is  a  Nomex  (or  equivalent)  polya- 
mide  paper  honeycomb.  The  fire  shield, 
made  of  fluororubber  sheet,  is  incorpor- 
ated in  a  multiple-ply  facing  bonded  to  the 
core.  The  outer  layers  of  the  multiple-ply 
facing  and  the  back  face  of  the  panel  con- 
sist of  biwoven  carbon-cloth  impregnated 
with  phenolic  resin. 

A  conventional  belt  panel  consists  of  a 
Nomex  (or  equivalent)  polyamide  honey- 
comb core  with  a  phenolic-resin-impreg- 
nated glass-cloth  facing  and  a  back- 
surface  ply  of  epoxy-resin-impregnated 
glass-cloth  reinforcement.  The  impreg- 
nated carbon  cloth  in  the  new  panel 
weighs  less  than  the  glass  cloth  and  gives 
off  less  smoke.  The  fire-shield  layer  in  the 


Carbon  Cloth  Impregnated  With  Phenolic 
"(CYCOM  6250/GF3K5H  or  Equivalent) 


L4805  or  Equivalent), 
Fluororubber  Sheet 


Polyamide  Paper  Honeycomb 
(DMS  1974  Ty1  Class.2 
Grade  A  or  Equivalent), ' 
15  lb/ft3  (24  Kg/m3) 


The  Multiple-Ply  Structure  of  the  window-belt  panel  provides  strength  and  fire  resistance  at 
low  weight.  Such  standard  parts  as  windows,  shade  assemblies,  and  air  grills  can  be  attach- 
ed to  the  panel. 


new  panel  causes  only  a  slight  net  in- 
crease in  weight,  yet  significantly  en- 
hances passenger  protection  by  delaying 
burn-through. 

This  work  was  done  by  Edward  L. 
Trabold  and  Meade  F.  Murphy  of  McDon- 
nell Douglas  Corp.  for  Johnson  Space 


Center.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Johnson  Space  Center 
Refer  to  MSC-21064  r(N 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C  Glenn 
Mall  Code  AL32 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Marvin  F  Matthews 
Mail  Code  AL3 
Houston,  TX  77068 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Two-Step  Vapor/Liquid/Solid  Purification 

One  process  approaches  the  theoretical  limit  of  multiple  zone  refining  and  distillation. 


A  vertical  distillation  system  combines 
in  a  single  operation  the  advantages  of 
multiple  zone  refining  with  those  of  distil- 
lation. Developed  specifically  to  load 
Bridgman-Stockbarger  (vertical-solidifi- 
cation) growth  ampoules  with  ultrapure 


tellurium  and  cadmium,  this  system,  with 
suitable  modifications,  could  serve  as  a 
material  refiner. 

In  the  new  system  (see  figure),  the  raw 
charge  is  placed  in  an  evaporator,  from 
which  it  is  distilled  upward.  The  ampoule 


is  connected  to  the  evaocax-  c/  a  dry. 
ground,  vitreous -si'io^  ba     -       The  am- 
poule and  evaporator  are  p<aced  n  a 
high-vacuum  bell  jar,  write- 
down to  a  pressure  of  10'7  tocr  MC5  N  - 
or  lower. 


High-Vacuum 
Bell  Jar 


To  Vacuum  Pumps 


FIRST  PHASE:  AMPOULE  BAKEOUT 


SECOND  PHASE:  CHARGE  BAKEOUT 


THIRD  PHASE.  CHARGE  DISTILLATION 


In  the  First  Phase  of  the  Purification  Process  (left),  the  ampoule  is  heated  to  drive  off  absorbed  volatiles  In  the  se. . 

evaporator  Is  heated  to  drive  off  volatiles  In  the  charge.  In  the  third  phase  (right),  the  slowly  descending  heater  causes  oistiiiatKV 

the  evaporator  to  the  growing  crystal  In  the  ampoule. 
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The  evaporator  has  a  long  stem  sup- 
ported by  a  lift  system  controlled  through 
a  ferrotluidic  rotary  vacuum  seal.  The 
crystal-growth  ampoule  is  also  supported 
by  a  stem  —  a  tube  of  the  same  inside 
and  outside  diameters  as  those  of  the 
ampoule  body,  so  that  it  is  a  smooth  con- 
tinuation of  the  ampoule  body.  The  stem 
extracts  heat  from  the  ampoule  by  ther- 
mal conduction.  The  stem  is  grasped  by 
the  spring  fingers  of  a  double-walled 
chuck  cooled  by  liquid  nitrogen. 

The  evaporator  and  the  ampoule  are 
surrounded  by  a  movable  heater  14  in. 
(36  cm)  long  that  has  a  double  winding  of 
platinum  wire  0.020  in.  (0.05  cm)  in  diame- 
ter, 10  turns/in.  (4  turns/cm)  on  the  bottom 
2  in.  (5  cm)  and  5  turns/in.  (2  turns/cm)  on 
the  upper  12  in.  (30  cm),  wound  on  a 
vitreous-silica  tube  1.1  in.  (2.8  cm)  in  in- 
side diameter.  The  heater  is  mounted  on  a 
recirculating-ball  lead  screw  driven  by  a 
stepping  motor  that  gives  translation  rates 
from  1  mm/h  to  18mnVs,  programmed  by 
a  preset  indexer. 

In  the  first  phase  of  the  operation,  the 
evaporator  is  at  its  lowest  position  (with 
the  ball  joint  open),  the  heater  is  posi- 


tioned to  heat  only  the  ampoule,  and  the 
cold  chuck  is  not  supplied  with  liquid  ni- 
trogen. In  this  configuration,  the  ampoule 
is  prebaked  to  about  400  °C  in  the  vacu- 
um to  remove  any  adsorbed  volatiles. 

In  the  second  phase,  the  heater  is  low- 
ered to  cover  only  the  evaporator,  and  a 
shutter  is  placed  in  the  open  ball  joint  to 
mask  off  the  ampoule.  The  charge  in  the 
evaporator  is  warmed  until  its  vapor  pres- 
sure is  about  103  torr  (10"1  N/m2),  so  that 
moisture  and  other  volatiles  are  driven  off. 

The  third  phase  is  initiated  by  removing 
the  shutter,  closing  the  ball  joint,  and  rais- 
ing the  heater  so  that  the  top  of  the  free 
volume  in  the  ampoule  is  just  inside  the 
top  of  the  heater.  In  this  configuration,  the 
charge  in  the  evaporator  is  melted  and 
heated  until  the  vapor  pressure  is  several 
torr  (several  hundred  N/m2),  and  the  distil- 
lation process  is  started.  As  the  distilla- 
tion proceeds,  the  heater  is  moved  down- 
ward, so  that  the  top  of  the  ampoule 
cools,  thereby  causing  a  crystal  of  puri- 
fied material  to  start  growing. 

Because  the  crystal  grows  down  from 
the  top  of  the  ampoule  into  the  heater  un- 
til it  passes  the  melting-point  isotherm, 


the  solid  material  always  has  a  drop  of 
melt  at  the  bottom  end  that  is  held  up  by 
surface  tension.  There  is  a  segregation  of 
impurities  as  the  molten  raw  material  is 
distilled  to  this  drop  and  a  second  segre- 
gation as  the  material  in  the  drop  is  solidi- 
fied. When  the  growing  drop  reaches  a 
certain  size,  it  falls  back  into  the  evapora- 
tor, carrying  with  it  impurities  rejected  in 
the  solidification  process.  In  this  way,  the 
solid  growth  face  is  constantly  washed  by 
fresh  molten  distillate.  Thus  the  material 
is  effectively  purified  by  multiple  zone  re- 
fining and  by  distillation. 

This  work  was  done  by  Lawrence  R. 
Holland  of  the  University  of  Alabama, 
Huntsville,  for  Marshall  Space  Right 
Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to: 

University  of  Alabama 

Huntsville,  AL  35899 
Refer  to  MFS-26004,  /TN 
George  C.  Marshall  Space 
Flight  Center 
Technology  Utilization  Officer: 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
A L  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D  Wofford,  Jr. 
Mall  Code  CC01 
Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 

Airport,  MD.  21240;  (301)  6210100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Fire-Resistant  Aircraft  Ceilings 

New  materials  retard  flames 
but  keep  panel  strong  and  light. 


A  ceiling  panel  for  airplane  cabins  is 
more  fire  resistant  than  conventional 
panels.  The  new  panel  incorporates  a 
core  of  polyimide  foam  as  a  fire  shield. 
The  core  significantly  delays  burn- 
through  by  flames  and  thus  offers 
passengers  greater  protection. 

Biwoven  carbon  cloth  impregnated 
with  precured  phenolic  resin  is  glued  to 
both  faces  of  the  polyimide  core  for 
reinforcement  (see  figure).  In  a*  con- 
ventional panel,  the  core  is  an  aramid 
paper  honeycomb,  and  the  reinforcing 
layers  are  phenolic-impregnated  glass 
cloth.  Although  the  new  core  material 
weighs  more  than  the  old,  the  new  rein- 
forcing layer  maintains  panel  stiffness 
and  weighs  less  than  the  old  reinforc- 
ing material.  The  net  weight  gain 
associated  with  the  greater  fire 
resistance  is  therefore  minimal. 

This  work  was  done  by  Edward  A. 
Trabold  and  Meade  F.  Murphy  of 
McDonnell  Douglas  Corp.  for  Johnson 
Space  Center.  No  further  documenta- 
tion is  available. 


Carbon  Cloth  Impregnated  With  Phenolic 
(CYCOM  6250/GF3K5H  or  Equivalent) 


}vV«'j^       Polyimide  Foam  Core 


'J/lJrjj-''.*/;/.'-  •; 


,-  .  (Chemlon  403  or  Equivalent)  /;^,y'vyW//.--) 


Adhesive  Pum 

(QMS  1903  or 

Equiva>e-t: 


The  Foam  Core  of  the  panel  chars  Instead  of  burning.  Decorative  layers,  speaker  grills, 
and  other  details  can  be  attached  as  on  conventional  panels. 


Inquiries  concerning  rights  for  the 
commercial    use    of    this    invention 
should  be  addressed  to  the  Patent 
Counsel.  Johnson  Space  Center 
Refer  to  MSC-21065/TN 


Lyndon  B.  Johnson  Space 
Contor 

Technology  Utilization  Officer 

Dean  C  Glenn 

Mall  Code  AL32 

Houston,  TX  77058 

(713)483-3809 

Patent  Counsel 

Man/In  F  Matthews 

Mail  Code  AL3 

Houston.  TX  77068 

(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757.  8rt 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Strong  Adhesive  Tape  for  Cold  Environments 

This  strong  tape  remains  sticky  over  a  wide  temperature  range. 


An  improved  tape  devised  for  repairs 
in  space  may  also  find  use  on  Earth  in 
polar  regions  and  in  superconducting  ap- 
plications. "Die  tape  retains  its  adherence 
and  strength  at  extreme  temperatures, 
where  conventional  tapes  would  fail. 

Experience  on  the  Space  Shuttle  had 
shown  that  ordinary  duct  tape  loses 
most  if  not  all,  of  its  stickiness  at  the  or- 
bital temperatures.  Kapton  (or  equiva- 
lent) polyimide  tape,  for  example,  main- 
tained adequate  adhesion  but  had  to  be 
layered  for  sufficient  strength  to  resist  in- 
advertent tearing  by  crewmembers.  Mul- 
tiple layers,  however,  make  the  tape  stif- 
fen 

The  improved  tape  (see  figure)  con- 
sists of  two  layers  of  the  polyimide  tape 
with  a  reinforcing  intermediate  layer  of 
thin,  open-weave  Kevtar  (or  equivalent) 
aromatic  polyamid.  Other  mesh  materi- 
als may  also  be  suitable. 

This  work  was  done  by  Thomas  G. 
Woods  of  McDonnell  Douglas  Corp.  for 
Johnson   Space   Canter.    No   further 


Polyimide 
Tape 


Mesh 


TAPE  LAYUP 


SSSS2SSSSSSSS 


Top  Tape  Layer  Folded  Under 

To  Provide  Non sticky  Tabs  for 

Ease  of  Handling 

TYPICAL  APPLICATION 


The  Strong  Tap©  for  Low  Temperatures  consists  of  two  layers  of  polyimide  tape  with  a 
layer  of  reinforcing  mesh. 

documentation  is  available.  MSC-20924  ,'TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  2t240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Fuel  Manifold  Resists  Embrittlement  by  Hydrogen 


A  completely-cast  hydrogen-compatible  alloy 
is  preferable  to  protective  plating. 


Parts  exposed  to  high-pressure  hydro- 
gen can  be  made  immune  to  hydrogen 
embrittlement  if  they  are  fabricated  from  a 
new  alloy,  Incoloy  903*  (or  equivalent). 
This  material  is  strong  and  compatible  with 
hydrogen  at  ail  temperatures  and  has 
been  adapted  for  the  outlet  manifold  of  the 
Space  Shuttle  main  combustion  chamber. 

The  manifold  was  formerly  made  of  In- 
conel  718*,  an  alloy  that  is  susceptible  to 
hydrogen  embrittlement  at  the  engine 
operating  temperatures.  For  protection;  it 
had  to  be  plated  with  copper  on  internal 
surfaces.  In  addition,  overlays  of  Incoloy 
903*  had  to  be  welded  to  it  in  certain 
areas,  and  a  tube  of  the  same  alloy  had  to 
be  brazed  to  it  (see  figure). 

Substituting  Incoloy  903*  for  the  entire 
part  eliminated  the  plating,  welding,  and 
brazing  operations.  As  a  result,  the  part 
can  be  made  in  less  time  and  with  fewer 
manufacturing  flaws. 
(*"lnconel"  and  "Incoloy"  are  registered 
trademarks  of  the  INCO  family  of  com- 
panies.) 

This  work  was  done  by  T.  C.  Adams  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29089/TN 


SK^ 


Copper  Plate 


Welded 
Overlay 


The  Complexity  of  Plating,  Welding,  and  Brazing  becomes  unnecessary  if  a  hydrogen- 
compatible  alloy  is  used  for  the  entire  casting  instead  of  merely  as  a  protective  overlay 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1L161101A91A 


Filing  Code:  46C083 


Neutron-Scattering  Measurements  of  Tungsten  Alloy 

Neutron  diffraction  yields  information  about 
microstructure  that  x-ray  diffraction  cannot. 


A  study  has  used  wide-  and  small-angle  neutron 
scattering  to  investigate  the  variation  of  micro- 
scopic properties  in  unswaged,  swaged,  and 
strain-aged  tungsten  alloy.  The  material  was  com- 
posed of  90  percent  tungsten,  7  percent  nickel,  and 
3  percent  iron. 

Neutron  scattering  can  reveal  certain  structural 
and  material  properties  not  readily  determined  by 
other  methods.  For  example,  it  is  a  much  more 
sensitive  probe  than  x-ray  diffraction  of  the  matrix 
properties  of  the  tungsten  alloy  because  of  the 
comparable  coherent  cross  sections  of  nickel, 
iron,  and  tungsten. 

The  study  by  the  U.S.  Army  Armament  Re- 
search and  Development  Center  showed  that 
swaging  dramatically  changes  the  preferred  orien- 
tation of  both  tungsten  and  matrix  grains  in  the 
specimen,  as  expected.  In  addition,  the  difference 
in  relative  intensities  for  reflection  and  transmis- 
sion peaks  indicates  that  significant  texture  is  pre- 
sent even  before  swaging. 

Neutron  diffraction  is  especially  sensitive  to 
structural  changes  in  each  phase  of  a  sample  (see 
figure).  Crystallographically,  the  tungsten  phase  is 
body-centered  cubic,  and  the  matrix  phase  is  face- 
centered  cubic.  The  fact  that  the  D-spacings  are* 
different  in  the  reflection  and  transmission  meas- 
urements indicates  the  presence  of  measurable 
residual  stresses. 

The  tungsten  phase  shows  no  measurable 
strain  broadening.  After  swaging,  significant  rms 
strains  are  present.  After  strain-aging,  the  magni- 
tude of  rms  strain  is  essentially  unchanged, 
whereas  the  distribution  of  stress  changes  ap- 
preciably. 

Project  officer  C.  S.  Choi 
(201)  724-2852  or  AV  880-2852. 
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Relative  Sensitivities  of  x-ray  and  neutron  diffraction 
techniques  to  tungsten  and  matrix  components  of  the  al- 
loy are  compared.  The  upper  curve  is  combined  neutron 
data.  The  lower  curve  is  the  molybdenum  K-alpha  x-ray 
pattern. 


FOR  ADDITIONAL  INFORMATION: 

Vbu  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
Neutron  Diffraction  Characterization  of  Tungsten-Nickel-lron  Alloys. 
Order  number:  AD-A16579&NAA 
Price  code:  A03 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 


NTIS  Tech  Notes   June  1987 


0591 


Medicine  &  Biology 


592  Low-Molecular-Weight,  Cobalt-Binding  Proteins  from  Saccharorrryces 
cerevisiae  and  Bacillus  subtilis 

593  Human  Factors  Guidelines  and  Methodology  in  the  Design  of  a  User- 
Computer  Interface:  A  Case  Study 

594  Electron  Microscopy  Technique  Improves  Image  Quality —  Rapid  sample 
freezing  eliminates  structural  distortion. 

595  Binding  of  Antiviral  Agents  to  Cold  Viruses 

596  Information  Available  on  Determining  Radiopharmaceutical  Dosages 

597  Cutting  Head  for  Ultrasonic  Lithotripsy —  Kidney  stones  are  disintegrated 
safetly  and  efficiently.  (Licensing  Opportunity) 


Low-Molecular- Weight,  Cobalt-Binding 
Proteins  from  Saccharomyces  cerevisiae 
and  Bacillus  subtilis 


D0E/TlC/EG-8e/,44 
OFFICE  OF  SCIENTIFIC  AND 

TECHNICAL  INFORMATION 


This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


INEk 

Idaho  National 

Engineering 

Laboratory 


Low-molecular-weight,  cobalt-binding 
proteins  have  been  isolated  from  S.  cere- 
visiae and  B.  subtilis.  This  study  repre- 
sents the  first  isolation  of  any  metal- 
lothionein-like  proteins  from  B.  subtilis 
and  the  first  isolation  of  cobalt-binding 
metallothionein-like  proteins  from  micro- 
organisms. 

Further  research  is  needed  to  charac- 
terize the  proteins  and  to  measure  the  met- 
al-binding capacities  and  specificities.  In 
addition,  if  basic  studies  indicate  possible 
technical  and  economic  feasibility,  exten- 
sive process  engineering  research  will  also 
be  warranted  and  needed.  The  isolation  of 
these  proteins  indicates  at  least  the  theo- 
retical feasibility  of  using  metal-binding 
biomolecules  in  cobalt  recovery  process- 
ing. 


Metal-binding  biomolecules  may  prove 
economical  for  use  in  industrial  process- 
ing. With  additional  research,  such  bio- 
molecules could  be  isolated  from  nature, 
perhaps  be  improved  upon  through  ge- 
netic engineering  techniques,  and  pro- 
cesses could  be  developed.  In  addition. 
genetic  engineering  and  the  recently  de- 
veloped field  of  protein  engineering  could 
be  applied  to  actually  change  the  mole- 
cules to  enhance  their  properties 

This  finding  could  hold  potential  indus- 
trial significance  in  metal  recovery  process- 
ing. 

The  study  cited  here  describes  prelim- 
inary research  to  isolate  specific  cobalt- 
binding  proteins.  More  recent  work  aeals 
with  actual  applications  of  these  proteins 
to  cobalt  metal  recovery  and  waste  stream 
decontamination  by  biologica1  agents 
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Human  Factors  Guidelines  and  Methodology 
in  the  Design  of  a  User-Computer  Interface:  A 
Case  Study 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/145 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk, 

Idaho  National 

Engineering 

Laboratory 


A  report  describes  the  process  and  ben- 
efits obtained  by  incorporating  human  fac- 
tors guidelines  and  methods  in  system 
design. 

In  this  case  study,  human  factors  per- 
sonnel were  requested  to  participate  in  a 
project  team  of  programmers  and  opera- 
tions specialists  to  design  a  cathode-ray- 
tube  (CRT)  display  system  for  a  complex 
process  control  application.  Standard  hu- 
man engineering  guidelines  and  tech- 
niques were  used  by  the  project  team.  In 
addition,  previously  published  documents 
and  research  findings  sponsored  by  the 
United  States  Nuclear  Regulatory  Commis- 
sion were  used. 

Preliminary  tasks  involved  a  review  of 
the  draft  plant  procedures.  Then  interviews 
with  operators  were  conducted  to  estab- 


lish the  initial  information  for  the  displays. 
These  initial  requirements  were  evaluated 
against  existing  guidelines  and  criteria  to 
determine  the  optimal  presentation  for- 
mats. 

Detailed  steps  of  the  approaches  used, 
design  decisions  made,  and  tradeoffs  that 
resulted  in  the  final  user-acceptable  de- 
sign are  discussed. 

The  report  develops  a  methodology 
used  and  guidelines  to  be  applied  when 
designing  a  CRT  display  system  for  a  com- 
plex process  or  system.  This  methodology 
and  the  guidelines  described  would  be  ap- 
plicable during  the  design  of  a  CRT-hu- 
man interface  for  complex  manufacturing, 
chemical  processing,  process  control,  or 
other  type  of  complex  monitoring  and/or 
control  systems. 
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Electron  Microscopy  Technique  Improves  Image 
Quality 

Rapid  sample  freezing  eliminates  structural  distortion. 


Using  an  upgraded  technique 
for  imaging  biological  speci- 
mens, researchers  have  ob- 
tained electron  micrographs  of 
at  least  comparable  quality  to 
those  made  from  cells  or  tis- 
sues prepared  by  standard 
methods. 

The  technique  combines  high- 
voltage  electron  microscopy  with 
rapid  sample  freezing  to  elimi- 
nate structural  distortions 
caused  by  conventional  chemi- 
cal preparations,  but  experience 
with  it  is  still  limited 

"Our  first  step  has  been  to  ob- 
tain images  of  cells  and  tissues 
that  reveal  structures  to  the  same 
extent  seen  by  traditional  meth- 
ods," says  Dr.  Mircea  Fotmo 
professor  in  the  department  of 
molecular,  cellular  and  develop- 
mental biology  at  the  University 
of  Colorado  in  Boulder,  "It  is  sur- 
prising that  we  could  get  such 
good  pictures  by  this  approach 
because  years  ago  it  was 
thought  that  this  would  not  be 
possible  "  Until  recently  Dr 
Fotmo  was  coprincipal  investiga- 
tor with  Dr  Keith  Porter  and  di- 
rector of  the  Laboratory  for  High- 
Voltage  Electron  Microscopy 
(HVEM)  since  its  establishment 
in  1972  Conventional  chemical 
fixatives  and  stains  tend  to  alter 
the  cell  structures  These  altera- 
tions may  be  substantial  or  they 
may  be  so  subtle  that  they  are 
not  readily  visible  on  a  micro- 
graph, Dr,  Fotmo  says  "It  is  as- 
sumed that  the  freezing  ap- 
proach is  less  distorting  and 
modifying  to  the  appearance  of 
the  cell  especially  when  done 
fast,  because  chemical  reactions 
are  altogether  eliminated  fie 
says 

Microscopists  have  worked  for 
many  years  on  developing  effec- 
tive cryoprese/vation  techniques 
that  minimize  specimen  distor- 
tions According  to  Dr  Fotmo. 
the  usefulness  of  the  Colorado 
technique  lies  in  empkmnq 


some  of  these  developments  m 
conjunction  with  a  HVEM  '  It  s  a 
combination  of  several  improve- 
ments and  advantageous  fea- 
tures   he  says 

The  Boulder  HVEM  features  a 
top-entry,  high-resolution  cryo- 
stage  developed  several  years 
ago  by  Dr  Fotmo  and  incorpo- 
rated into  the  microscope  col- 
umn This  "cold  stage'  allows  the 
researchers  to  insert  specimens 
that  are  still  frozen  and  unex- 
posed to  the  atmosphere  and  to 
view  them  at  low  temperatures 
The  instrument  can  be  switched 
from  normal  operation  to 
cryoHVEM  mode  in  about  20 
minutes  The  1  million-volt 
cryoHVEM  can  magnify  spec- 
imens directly  up  to  250  000 
times  After  further  photographic 
enlargement  of  the  image  Dr 
Fotmo  says  one  can  achieve 
magnifications  of  several  mil- 
lions 

According  to  Dr  Fotmo  cryo- 
preservation  is  usually  done  m 
freeze  dryers  located  outsiae  the 
microscope  Before  frozen  spec- 
imens can  actually  be  visualized 
they  must  be  warmed  to  room 
temperature  and  cameo  to  the 
microscope  risking  damage  to 
the  cells  by  reactions  of  tempera- 
ture-sensitive chemicals  in  addi- 
tion exposure  to  the  atmosphere 
while  transferring  the  specimen 
from  ttie  freeze  dryer  to  the  mi- 
croscope may  also  cause  cellu- 
lar distortions  You  expose  all 
those  structures  to  whatever  is  m 
the  air  Dr  Fotmo  says  Humid- 
ity and  various  gases  may  in- 
duce chemical  reactions  The 
dehydrated  structures  in  the  cell 
may  become  rehydrated  and 
that  rehydration  may  modify  (he 
structures 

Using  their  cryoHVEM  tech 
nique  Dr  Fotmo  and  his  col- 
leagues have  fast  frozen  whole 
cultured  cells  of  normal  rat  kid- 
ney by  first  immersing  them  in 
liquid  propane  for  about  '0  sec 
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modified  by  chemical  fixation  or 
stammg 

An  important  advantage  of  the 
fast-freezing  technique  is  the 
ability  to  prevent  the  formation  of 
large  me  crystals — an  unavoid- 
able difficulty  produced  by  slow 
freezing  According  to  Dr  Fotmo 
as  ice  crystals  grow  around  a  nu- 
deat.on  center  consisting  of  ions 
or  clusters  of  molecules  they 
damage  biological  specimens 
by  pushing  against  fine  cellular 
components  such  as  the  mem- 
branes chromosomes  or  mito- 
chondria giving  the  micrograph 
a  mushy  appearance  Thus  the 
faster  the  freezing,  the  smaller 
the  crystals  and  the  less  exten- 
sive is  the  specimen  damage 

Before  a  specimen  is  exam- 
med  b/  electron  microscopy  the 
movement  of  ail  organelles  such 
as  qranules.  vacuoles  ana  other 
internal  cellular  structures  - 
which  travel  mside  the  eel'  at 
,.r  ius  velocities  must  be  ar- 
rested or  fixed  Standard  pro- 
toco's  that  use  chemical  fixa- 
tives generally  aldehydes  such 
as  'ormaldehyde  or  glutaralde- 
hyde  arrest  the  cells  activity  at  a 
relatively  slow  rate  taking  up  to 
several  seconds  to  act  com- 
pletely Dr  Fotmo  says  All  the 
while  the  cell  structures  rear- 
range "It's  a  sort  of  slow  death." 
he  says.  But  in  the  process  of 
fast  freezing  cellular  activity 
stops  th  milliseconds,  yielding  an 
instantaneous  real-life  arrange- 
ment o*  the  cell 

Scientists  also  have  to  prepare 
cells  and  tissues  to  withstand  the 
vacuum  m  electron  microscopes 
The  vacuum  is  necessary  be- 
cause otherwise  electrons  would 
be  badly  scattered  by  air  at  at- 
mospheric pressure  '  An  un- 
treated ceil  put  in  a  vacuum  will 
explode."  Dr  Fotmo  says  To 
render  the  specimen  insensitive 
to  the  vacuum,  standard  chemi- 
cal preparations  involve  remov- 
ing intracellular  fluid  and  embed- 
ding the  specimen  m  an  epoxy  to 
ho!d  the  remaining  solid  struc- 
tures of  the  cell  in  place  The 
specmen  can  then  be  cut  into 
thin  slices  for  observation  by 
electron  mcroscopy  But  the  ep- 
o>  y  matrix  hinders  the  imaging 
contrast  Dr  Fotmo  says  and  so 
the  errDedded  structures  need 
to  be  stained. 

Additional  reading: 
'    Fotmo   M,    Giddings.  T   H 
Uitrastructural  visualization  of 
unfixed  and  unstained  whole 
mounts  by  high-voltage  electron 


microscopy  at  low  temperatures. 
Journal  of  infrastructure  Re- 
search 91:1 12-126.  1985. 
2  Fotmo.  M.  Visualization  of  bio- 
logical specimens  by  cryoHVEM, 
Journal  of  Microscopy  1 43  283- 
298.  1986 

.1  Fotmo  M  Giddings  T  H  Ui- 
trastructural imaging  of  whole 
cells  by  cryoHVEM,  Proceedings 
of  the  41st  Annual  Meeting  of  the 
Electron  Microscopy  Society  of 
America,  Bailey,  G  W.  (Ed  ), 
Claitor's  Publishing  Division,  San 
Francisco  Press,  Inc  .  San  Fran- 
cisco CA.  588  589    1983 

4  Porter.  K   R  .  Anderson,  K   L 
The  structure  of  the  cytoplasmic 
matrix  preserved  by  freeze-dry- 
mg  and  freeze-substitution,  Euro- 
pean Journal  ot  Cell  Biology 

At  the  lower  voltages  used  in 
conventional  transmission 
electron  microscopy  specimens 
must  be  sliced  mto  ^ery  thin  sec- 
tions to  allow  beam  penetration. 
Consequently,  only  two-dimen- 
sional views  of  cells  and  Issues 
can  be  obtained  difec'iy  To  gain 
information  in  the  ttvd  dimen- 
sion, it  has  been  necessary  to 
look  at  many  such  sections  cut 
and  viewed  in  a  series  High-volt- 
age  electron  microscopes  on 
the  other  hand  can  penetrate 
much  thicker  specimens  allow- 
ing researchers  to  obtain  suffi- 
cient three-dimensional  informa- 
tion from  a  single  specimen  and 
avoid  the  mechanical  disruptions 
of  cell  structures  produced  by 
serial  sectioning  "That  means 
one  could  visualize  thicker  ob- 
jects embedded  m  thicker  layers 
of  ice.  Dr  Fotmo  says  "And  this 
is  what  will  happen  in  future  de- 
velopments We  II  look  at  more 
objects  embedded  in  ice  that 
have  not  been  cut  or  sectioned 

Recently  Dr  Fotmo  reported 
on  the  visualization  of  fast-frozen, 
unfixed  and  unstained  suspen- 
sions of  hydrated  whom  bacterial 
endospores  and  axenemes  of 
sea  urchin  sperm  while  they  were 
still  embedded  in  noncrystalhzed 
ice  "There  is  great  interest  in 
having  small  obiects  Ue  viruses 
or  cilia  embedded  fully  in  layers 
of  frozen  water  and  studied  un- 
der the  microscope  Dr  Fotmo 
says  But  visualization  by  this  ap- 
proach remains  difficult  because 
the  ice  embedment  reduces  the 
inherently  poor  contrast  of  native 
structures  and  also  because 
most  specimens  deleriorate  very 
rapidly  under  beam  irradiation 

29:83-96,  1982 

5  Adrian,  M..  Dubochet,  J  .  Lep 


ault,  J  ,  McDowall,  A.  W.,  Cryo- 
electron  microscopy  of  viruses, 
Nature  308:32-36,  1984. 

6  Lepault.  J.,  Pitt,  T.,  Projected 
structure  of  unstained,  frozen-hy- 
drated  T-layer  of  Bacillus  brevis, 
The  EMBO  Journal  3:101-105, 
1984 

7  Dubochet,  J  ,  Lepault,  J,,  Free- 
man. R.,  Berriman,  J.  A.,  Homo, 
J  C  Electron  microscopy  of 
frozen  water  and  aqueous  solu- 
tions. Journal  of  Microscopy 
128  219-237,  1982 

8  Fotmo,  M  Giddings,  T.  H. 
Voth.  R.  O..  Wray.  G.  P.,  Low- 
temperature  imaging  for  biolog- 
ical applications  of  high-voltage 
electron  microscopy,  Proceed- 
ings of  the  40th  Annual  EMSA 
Meeting,  Washington.  D  C,  374- 
375, 1982 

The  studies  of  the  cryoHVEM  for 
biological  research  were  sup- 
ported m  part  by  the  Biomedical 
Research  Technology  (BRT)  Pro- 
gram of  the  NIH  Division  of  Re- 
search Resources  and  by  the 
National  Science  Foundation. 
The  HVEM  at  the  University  of 
Colorado  is  supported  by  the 
BRT  Program. 
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Binding  of  Antiviral  Agents  to  Cold  Viruses 


Researchers  at  Purdue  Univer- 
sity in  West  Lafayette,  Indiana, 
have  pinpointed  the  site  where 
antiviral  compounds  bind  to  vi- 
ruses that  cause  the  common 
cold.  After  binding  to  the  viruses 
the  compounds  block  viral  un- 
coating — removal  of  the  virus's 
protein  covering — which  is  nec- 
essary for  viral  replication. 

"This  is  the  first  description  of 
an  antiviral  drug  interaction  with 
a  virus  in  detail  at  the  atomic 
level,"  says  Dr.  Michael  G.  Ross- 
mann,  professor  of  biological  sci- 
ences at  Purdue.  These  findings 
have  allowed  the  researchers  to 
suggest  plausible  mechanisms 
for  the  biological  activity  of  this 
class  of  compounds  and  may 
help  scientists  design  new  anti- 
viral drugs. 

Dr.  Rossmann's  group  used 
techniques  they  had  developed 
in  earlier  studies  investigating 
the  structure  of  a  cold  virus,  hu- 


man rhinovirus  14.  With  the  use 
of  Cornell  University's  High  En- 
ergy Synchrotron  Source  in  Ith- 
aca, New  York,  and  a  supercom- 
puter at  Purdue,  the  researchers 
constructed  three-dimensional, 
atom-by-atom  pictures  of  the 
virus.  Since  then 
the  scientists  have  been  able  to 
detail  the  binding  sites  of  agents 
proved  effective  against  the  virus 
in  laboratory  and  animal  studies 

The  cold  virus  is  partially  com- 
posed of  three  large  proteins  that 
intertwine  to  form  the  main  exte- 
rior structure  of  the  virus.  A  fourth 
viral  protein  forms  an  interface 
between  the  viral  exterior  and  the 
RNA  inside. 

The  antiviral  compounds  enter 
through  pores  and  then  alter  the 
three-dimensional  structure 
formed  by  several  amino  acids 
comprising  one  of  the  viral  pro- 
teins. The  altered  structure 
caused  by  the  binding  of  the 


compounds  prevents  the  outer 
shell  of  the  virus  from  breaking 
open  to  release  RNA  The  virus 
therefore,  is  unable  to  synthesize 
more  viral  proteins  and  the  infec- 
tion is  arrested 

The  compounds  studied  by  Dr 
Rossmann  s  team  were  devel- 
oped by  the  Sterlmg-Winthrop 
Research  Institute  m  Rensselaer 
New  York  Two  of  these  agents 
known  as  WIN  51711  and  WIN 
52084.  were  seiecteo  because 
they  effectively  reduce  the  num- 
bers of  a  wide  variety  of  picor- 
naviruses  in  cell  culture  In  addi- 
tion to  cold  viruses  this  group 
includes  enteroviruses  which 
can  cause  serious  syndromes 
such  as  poliomyelitis  aseptic 
meningitis,  and  hepatitis 

The  scientists  knew  that  the 
compounds  blocked  the  viral  un- 
coatmg  process,  but  they  did  not 
know  the  details  of  the  interac- 
tion. The  recent  results  showing 


Viral  protein  1  (VP1)  is  one  of 
three  large  proteins  that  form  the 
exterior  structure  of  a  cold  virus. 
Binding  of  an  antiviral 
compound  (dark  arrow)  alters 
the  three-dimensional  structure 
of  the  protein,  preventing  viral 
replication. 
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how  the  compounds  interact  at 
the  molecular  level  represent  an 
important  step  toward  better  un- 
derstanding of  the  agents'  mech- 
anisms of  action,  according  to 
Dr  Rossmann. 

The  new  knowledge  may  help 
scientists  develop  drugs  that  are 
more  effective  than  current  anti- 
viral agents.  For  example,  Dr. 
Rossmann  and  his  colleagues 
have  found  that  the  antiviral  ac- 
tivity of  WIN  51711  and  WIN 
52084  can  be  improved  by  intro- 
ducing suitable  additional  hydro- 
phobic groups  on  the  phenyl 
group  of  the  compounds  "Spe- 
cific drugs  may  be  designed  to 
be  effective  against  other  cold 
viruses  or,  more  importantly, 
against  other  viruses  causing 
more  serious  diseases, "  Dr 
Rossmann  says. 

Although  the  research  has 
provided  fundamental  knowl- 
edge about  the  action  of  the  anti- 
viral compounds,  this  does  not 
mean  a  cure  for  the  common 
cold  has  been  achieved   The 

For  Additional  Information: 
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Research  Resources 
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1601  Research  Blvd., 
Rockville,  MD  20850 
(301)  984-2870 

Refer  to  item  XI,  No.  1/TN 


compounds  have  only  been 
shown  to  inhibit  viral  replication 
in  tissue  culture  and  in  animal 
models  of  human  disease  The 
high  efficacy  of  WIN  5171 1  in 
these  models  and  the  high  de- 
gree of  safety  seen  during  tox- 
icity testing,  however,  make  the 
agent  a  potential  candidate  for 
clinical  trials  in  humans.  T\ 

— James  R.  Jauchem,  Ph.D. 

Additional  reading: 
1.  Smith,  T.  J.,  Kremer,  M.  J  , 
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cher.  M  J..  Kuhrt  M  F  Diana. 
G  D  .  and  McKmlay.  M  A  In 
vitro  activity  of  WIN  51 71 1 .  a  new 
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Information  Available  on  Determining 
Radiopharmaceutical  Dosages 


Federal 

Technology 

Resource 


Researchers  at  government 
agencies  and  nuclear  medicine 
centers,  as  well  as  private  physi- 
cians having  problems  involving 
internal  radiation  dose  calcula- 
tions, can  access  the  Radiophar- 
maceutical Internal  Dose  Infor- 
mation Center  in  Oak  Ridge 
Tennessee  for  possible  solu- 
tions 

The  primary  aim  of  the  center 
which  is  funded  by  the  Depart- 
ment of  Energy  and  the  Food  and 
Drug  Administration,  is  to  im- 
prove radiation  dose  estimates 
through  development  of  mathe- 
matical models  and  assessment 
of  the  best  available  biological 
data  concerning  radiopharma- 
ceuticals To  reach  that  goal,  in- 
formation about  the  internal  dis- 
tribution of  radioactive  com- 
pounds is  collected,  interpreted 
and  correlated 

Many  variables  can  affect  in- 
ternal radiation  dose,  including 
mode  of  decay,  metabolic  path- 
ways, chemical  and  physical 
form  of  the  drug  administered, 
the  route  of  administration,  and 
the  absorption  of  energy  in  target 
organs  The  age.  sex.  health, 
height,  weight,  and  percentage 
of  body  fat  of  the  patients  may 
also  affect  the  radiation  dose 

Although  the  many  variables 
do  not  allow  an  exact  radiation 
dose  to  be  calculated,  the  center 
staff  critically  evaluates  the  data 
and  models  available  to  make  an 
educated  estimate  of  the  dose 
that  will  be  received 

The  center  Is  contacted  when 
specialized  knowledge  of  radia- 
tion dose  calculation  techniques 
is  required,  such  as  when  infor- 
mation about  nonroutine  dosime- 
try techniques  is  not  available  in 
the  literature  The  staff  is  fre- 
quently consulted  when  an  acci 
dental  intake  of  radioactive  mate- 
rial occurs 

Although  the  stafl  will  evaluate 
data  about  any  radioactive  mate- 
rials, their  speciality  is  calculat- 
ing internal  radiation  doses  for 
radiopharmaceuticals  used  in 


nuclear  medicine  They  assist 
the  FDA  Center  for  Drugs  and  Bi- 
ologies by  providing  the  radia- 
tion dose  estimates  needed  for* 
evaluating  investigational  new 
drugs  and  new  drug  applications 
for  radioactive  drugs  and  bio- 
logies They  also  provide  infor- 
mation to  researchers  who  are 
developing  new  radiopharma- 
ceuticals and  they  answer  re- 
quests for  dose  estimates  For 
example  the  scientists  calcu- 
lated the  doses  for  xenon  133" 
usea  to  measure  cerebral  he- 
patic and  portal  blood  flow  and 
for  intraperitoneal  iniect'ons  of 
phosphorus  32  used  to  irradiate 
and  kill  peritoneal  tumor  cells 

It  is  particularly  important  to  be 
able  to  calculate  the  radiation 
dose  in  pregnant  women  who 
were  administered  radiophar- 
maceuticals Congenital  prob- 
lems may  occur  in  the  fetus  as  a 
result  of  radiation  activity  in  the 
mother  or  from  radiation  that 
crosses  the  placenta  .nto  the 
fetus  One  radionuclide  that- is 
potentially  harmful  to  the  fetus  is 
iodine- 131  which  is  used  to  freat 
patients  with  hyperthyroidism  or 
thyroid  cancer  The  radiation 
from  the  iodine  Kills  the  thyroid 
cells  If  the  drug  is  administered 
to  the  pregnant  woman  before 
the  fetal  thyroid  begins  to  func- 
tion at  about  13  to  16  weeks  the 
risk  to  the  fetus  is  low  If  the  drug 
is  administered  after  this  time  fe- 
tal thyroid  cells  may  be  de- 
stroyed 

As  an  aid  m  responding  to  re- 
quests a  computer  data  bank 
containing  more  than  29.000  bib- 
liographic references  concern- 
ing characteristics  of  radiophar- 
maceuticals is  maintained  The 
data  bank  includes  information 
about  distribution  patterns,  up- 
take retention,  and  data  on  van 
ations  in  physiologic  behavior 
according  to  ago  sex  disease 
and  condition  ot  the  patient  Also 
included  IS  information  pertain 
mg  to  such  topics  as  calculation 
techniques  and  mathematical 
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Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


Licensing 


Cutting  Head  for  Ultrasonic  Lithotripsy 

Kidney  stones  are  disintegrated  safely  and  efficiently. 


Kidney  stones  lodged  in  the  urinary  tract 
are  disintegrated  with  increased  safety 
and  efficiency  by  a  cutting  head  attached 
to  the  end  of  a  vibrated  wire  probe  The  cut- 
ting head  aligns  the  probe  with  the  stone 
and  enables  the  probe  to  vibrate  long 
enough  (typically  less  than  one  minute)  to 
disintegrate  the  stone.  The  design  of  this 
cutting  head  reduces  the  risk  of  metal- 
fatigue-induced  breakage  of  the  probe  tip 
that  could  leave  metal  fragments  in  the 
urinary  tract 

In  a  recent  alternative  to  the  surgical 
removal  of  Kidney  stones  lodged  in  the 
upper  two  thirds  of  the  ureter,  an  ultra- 
somcally  vibrated  wire  probe  disinte- 
grates a  stone  into  small  fragments  that 
the  patient  can  then  pass  spontaneously. 
In  this  procedure,  a  catheter  is  placed 
cystoscopically  at  the  site  of  the  stone.  A 
long  wire  probe  is  then  passed  through  a 
lumen  of  the  catheter  until  it  touches  the 
stone.  The  wire  probe  is  attached  to  the 
ultrasonic  transducer  that  sets  the  wire 
probe  into  stone-fragmenting  lateral  and 
longitudinal  vibrations. 

This  apparatus  is  limited  in  effec- 
tiveness by  the  slippage  of  the  thin  wire 
probe  off  the  kidney  stone  and  its  lodg- 
ment between  the  stone  and  urinary  tract. 
Attempts  to  prevent  this  slippage  by  pro- 
viding a  wider  tip  with  a  cutting  surface 
have  resulted  in  the  dangerous  breakage 
of  the  wire  probe  at  the  tip  after  only  10  to 
20  seconds  of  operation. 

The  new  cutting-head  design  prevents 
premature  breakage  and  assures  the 
seating  of  the  stone  on  the  head  (see 
figure)  Constructed  of  stainless  steel,  the 
head  has  a  cutting  tip  and  an  elongated 
collar  that  relieves  the  stress  on  the  wire. 
The  wire  is  inserted  in  a  central  circular 
hole  in  the  rear  of  the  head  At  locations 
shortly  behind  its  cutting  teeth,  the  head 
is  swaged  onto  the  wire.  Swaging  is  used 
to  avoid  detempermg  problems  associat- 
ed with  soldering  and  to  minimize  stress 
raisers 

The  cutting  teeth  are  machined  into 
the  end  of  the  cutting  tip  and  are  provided 


Teeth 


Swage  Marks 


Collar 


To  Ultrasonic 
Transducer 


Catheter 


CUTTING  HEAD  IN  OPERATION 


The  Teeth  of  the  Cutting  Head  both  seat  and  fragment  the  kidney  stone,  while  the  ex- 
tension of  the  collar  into  the  catheter  lessens  mechanical  strain  in  the  probe  wire,  in- 
creasing probe  life  and  lessening  the  danger  of  in  situ  probe  breakage. 


with  flat  ends  to  prevent  them  from  scrap- 
ing the  urethra.  The  teeth  form  a  cup- 
shaped  receptacle  that  seats  a  kidney 
stone.  Even  if  the  stone  is  highly  irregular 
in  shape  and  even  if  the  tip  and  the  stone 
are  aligned  imperfectly,  the  stone  will 
fragment  when  contacted  by  any  portion 
of  the  cutting  tip. 

Because  part  of  the  collar  stays  within 
the  catheter  while  the  cutting  tip  is  ex- 
tended against  the  stone,  the  mechanical 
bending  loads  imposed  on  the  probe  wire 
by  the  vibration  of  the  head  are  dimin- 
ished. When  vibrating  at  the  typical  oper- 
ating frequency  of  20  kHz,  the  assembly 
lasts  more  than  four  minutes  before  the 
wire  breaks  off  the  head,  this  provides 
ample  time  to  disintegrate  the  kidney 


stone. 

This  work  was  done  by  Earl  D.  Angulo 
of  Goddard  Space  Flight  Center  and 

Roger  Goodfriend  of  F.A.C.S. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center    Refer   to  GSC-12944/TN 
Goddard  Space  Right  Center 
Technology  Utilization  Officer: 
Donald  $.  Friedman 
Mall  Code  702-1 
Greenbelt,  MD  20771 
(301)286-6242 
Patent  Counsel: 
John  O.  Tresansky 
Mall  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O  Box  8757  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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532        Interface  States  in  MOS  Capacitors —  States  build  up  in  two  stages. 

61 3        Three-Frequency  Water-Vapor  Radiometer —  Measurements  increase 
the  accuracies  of  delay  predictions. 
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National  Meteorological  Center/Climate  Analysis  Center 
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Climate  Assessment  Information  Service 

The  Climate  Analysis  Center    (CAC)   has  developed  a  user   information  service 
that  provides  requesters  with  a  wide  variety  of  current  climate  products.     The 
primary  resource  for  this  information  is  the  Climate  Assessment  Data  Base 
(CADB)  ,  which   is  formed  from  global,  meteorological  observations   received   in 
real  time. 

Table  1  shows  time  frames,   areal  coverage,   and  the  meteorological 
parameters   included   in  the  primary  CADB  files.     Data  quality  control  measures 
are  employed  to  minimize  the  effects  of  observational  and   transmission  errors. 
Tables  2a  and  2b  show  the  real-time  products  available   frcm  the  data  base  on 
the  CAC  microcomputer  dial-up  system,   as  well  as  the  schedule   for  updating   the 
products.     The  system  has  been  operating  since  January  1983  on  a  24-hour-a-day , 
seven-days-per-week,  basis. 

Other  products  are  routinely  issued   in  printed   form:     Weekly  Weather  and 
Crop  Bulletin,   Weekly  Climate  Bulletin,   and  Monthly  Climate  Bulletin. 

For  additional    information,   write  to  NOAA,   Climate  Analysis  Center, 
W/NMC53,   Roan  808,  World  Weather  Building,  Washington,  D.C.   20233.     Phone    (301) 
763-8071. 


Table  1.  Climate  Assessment  Data  Base  (CADB)  summary  station  files,  coveraqe  in  time  and 
area,  and  parameters. 


Basic  Parameters 

Summary  Station 

Other   Selected 

File  Type 

Coverage 

Max   T 

Min  T 

Rainfal 1 

Means 

Parameters 

1-Day 

U.S. 

X 

X 

24   hr 

Weather   Type,   Max/ 

Synopt  i  c/A  i  rways 

Min  RH,  wind/ 
Chill,    Heat    Index 

1-Day 

Global 

X 

X 

24   hr 

Weather  Type 

Synopt  i  c/A  i  rways 

Weekly 

Global 

X 

X 

Meekly 

X 

Average  T,    Extremr 

Synopt  i  c/A  i  rways 

MaxAlin  T 

Monthly 

Global 

X 

X 

Monthly 

X 

Average  Max  >un   T, 

Synopt  i  c/A  i  rways 

Days   with   Precipi- 
tation,   Cxtrow 
Max/Min  T 

1989-Oay-Oaily 

Global 

X 

X 

24    hr 

X 

weather   Type 

Synopt  i  c/A i rways 

Sea  Level   Pressure 

beginning 

Vapor   Pressure 

Jan.    1,    1987 

4 8 -Day-Daily 

U.S. 

24    hr 

"Coop  Data" 

CLIMAT 

Global 

Monthly 

X 

Average   T,    Average 

Special 

I'n-ssuie,    PKVlpl- 

tatlon  Ouintiles 

Key:  T  -  temperature;  RH  •  relative  humidity;  and  Rainfall  -  total  lor  indicated  peiwx1». 
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Table  2a.     Real-time  products  available  via  CACs  request/reply  system. 


Product 
Keyword 


Product  Description 


CLIMRANK  Monthly  and  seasonal  climate  rankings  by  areas. 

DDAYEXP  Explanation  of  degree-day  products. 

FORECAST  Five-day.  sii-to-tcn-day.  seven-day  maximum  and  minimum,  and  monthly  and  seasonal  outlooks  for  temperature  and 

precipitation.  Weekly  heating  and  cooling  degree-day  forecasts. 

GLOBAL  Weekly  and  monthly  summaries  of  temperature  and  precipitation  data  for  more  than  6000  locations  throughout  the  world. 

GRODGREE  Cumulative  weekly  growing  degree-days  for  com. 

MAPS  Maps  of  the  weekly  temperature  precipitation  and  their  departures  from  normal;  maps  of  the  six-to-ten-day  forecast  by 

category. 

MFOREIGN  Monthly  temperature  and  precipitation  data  for  about  175  foreign  cities. 

MCTYCDDY  Monthly  cooling  degree-days  for  200  U.S.  cities. 

MCTYHDDY  Monthly  heating  degree-days  for  200  US.  cities. 

MCTYPRCP  Monthly  precipitation  data  for  more  than  200  U.S.  cities. 

MCTYTEMP  Monthly  temperature  data  for  more  than  200  U.S.  cities. 

MSACDDY  Monthly  population-weighted  state  average  cooling  degree-days. 

MSAHDDY  Monthly  population-weighted  state  average  heating  degree-days. 

PASTDATA  Data  for  the  preceding  three  weeks  and  three  months  selectively. 

PPDANOTE  Explanation  of  projected  Palmer  Drought  Index. 

PPDCENTR  Projected  Palmer  Index  central  U.S. 

PPDEAST  Projected  Palmer  Index  eastern  U.S. 

PPDSOUTH  Projected  Palmer  Index  southern  US. 

PPDWEST  Projected  Palmer  Index  western  U.S. 

SELECT  Allows  the  user  to  access  dau  by  state.  Temperature  and  precipitation  data  for  several  hundred  supplementary  stations  are 

accessible  with  this  option.  Data  subjected  to  less  rigorous  quality  control  than  primary  stations. 

WCTYDDAY  Weekly  degree-days  for  more  than  200  U.S.  cities. 

WCTYPRCP  Weekly  precipitation  data  for  more  than  200  U.Sl  cities. 

WCTYTEMP  Weekly  temperature  data  for  more  than  200  U.S.  cities. 

WFOREIGN  Weekly  temperature  and  precipitation  data  for  about  175  foreign  cities. 

WPDANOTE  Explanation  of  weekly  Palmer  Drought  Index. 

WPDCENTR  Weekly  Palmer  Drought  Index  for  the  central  U.S. 

WPDEAST  Weekly  Palmer  Drought  Index  for  the  eastern  U.S. 

WPDSOUTH  Weekly  Palmer  Drought  Index  for  the  southern  U.S. 

WPDWEST  Weekly  Palmer  Drought  Index  for  the  western  U.S. 

WSACDDY  Weekly  population-weighted  stale  average  cooling  degree-days. 

WSAHDDY  Weekly  population-weighted  stale  average  heating  degree-days. 

WXCLSMYI  Weekly  summary  of  internationally  significant  climate  events. 

WXCLSMYM  Monthly  summary  of  U.S.  significant  climate  events. 

WXCLSMYU  Weekly  summary  of  U.S.  significant  climate  events. 

WXCPSMYH  International  weather  and  crop  highlights. 

WXCPSMYI  International  weather  and  crop  summary. 


Table  2b.     Schedule  for  updating  CAC  microcomputer  accessible  products  listed  in  Table  2a. 


Product 
Keyword* 


Updated  Schedule 


CLIMRANK 
FORECAST 


GLOBAL 

GRODGREE 

MAPS 

MCTYXXXX 

MFOREIGN 

MSAXXXX 

PASTDATA 

PPDXXXX 

WCTYXXXX 

WFOREIGN 

WPDXXXXX 

WSAXXXX 

WXCLSMYI 

WXCLSMYM 

WXCLSMYU 

WXCPSMYH 

WXCPSMYI 


Updated  early  each  month. 

Five-day  forecasts  are  updated  Monday  through  Friday  mornings.  Seven-day  maximum  and  minimum  temperature 
forecasts  are  updated  daily  Monday  thru  Friday  mornings.  Six-to-len  forecasts  are  updated  Monday.  Wednesday,  and 
Friday.  Monthly  outlooks  are  updated  about  the  first  and  15th  of  the  month.  Seasonal  outlooks  are  updated  monthly 
about  the  fir' «  of  the  month. 

Weekly  data  arc  updated  Monday  morning.  Monthly  data  arc  updated  by  the  morning  of  the  3rd. 

Weekly  data  are  updated  by  Monday  morning. 

Updated  when  the  tables  are  available. 

Updated  monthly  by  the  morning  of  the  3rd. 

Updated  monthly  by  the  morning  of  the  3rd. 

Updated  monthly  by  the  morning  of  the  3rd. 

Updated  weekly  and  monthly. 

Updated  monthly  between  the  3rd  and  the  10th. 

Updated  weekly  by  Monday  morning. 

Updated  weekly  by  Monday  morning. 

Updated  weekly  by  Tuesday  morning. 

Updated  weekly  by  Monday  morning. 

Updated  weekly  by  Tuesday  afternoon. 

Updated  monthly  by  the  3rd. 

Updated  weekly  by  Tuesday  afternoon. 

Updated  weekly  by  Tuesday  afternoon. 

Updated  weekly  by  Wednesday  morning. 


*An  "X"  in  a  product  keyword  indicates  that  several  keywords  are  implied — see  Table  2a. 
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NATIONAL  GEOPHYSICAL  DATA  CENTER 


MULTICHANNEL  SEISMIC  REFLECTION  DATA 

Navarin  Basin-Northern  Bering  Sea-Alaska 


Approximate! y  3, 2 00- km  of  24-channel    se I sm I c-r ef I ect Ion  profile  da ta  a cross  the  cor  *    - -- *al  margin 
In    the  northeastern    Bering   Sea   are   available    for    purchase    from    the  Mational   Geop^ys    '*  •    "e*>*e' 

(NGDC).      These  profiles   were  provided    to  NGDC   for  public  dissemination  by  the  U.S.  Sec 
U.S.  Department  of    Interior.     This  data   set  has    12   seismic    lines    (20  sections). 

These  protl  le  data  were  col  lected  during  the  summer  of  1977  by  the  R/V  S.P.  LEE  using  a  sou'- 1  sc-ce 
of  five  airguns  with  a  volume  of  1,326  cu.  In.  of  air  compressed  to  approximately  2,000  psl.  ~"9 
recording  system  consisted  of  a  24-channel  streamer,  2,400  m  long  with  a  group  Interva1  of  100  »,  and  a 
GUS  (Global  Universal  Science)  model  4200  digital  recording  instrument.  Shots  were  Mred  e*ery  IZ  ■». 
Navigational  control  tor  the  survey  was  provl ded  by  a  Marconi -I ntegrated  navigation  s/s^er  ^slng  tr» 
satellites  and  Doppler  sonar  augmented  by  Loran  C  (Rho-Rho).  A  2-msec  sampling  rate  was  use:  In  *~e 
field.  The  data  were  later  desampled  to  4  msec  during  the  demultiplexing  process.  Record  e--.*-s  ••'• 
from  6  to  12  sec,  depending  on  water  depth  and  geologic  structure,  to  give  6  to  3  sec  of  da^a  below  **e 
seatloor.  Processing  was  handled  at  the  USGS  Pacific  Marine  Geology  Mu  I  +  I  channel  Processing  'e""er  in 
Men  lo  Park,  Cal  1  fornka  In  the  sequence:  ed  i  1 1  ng-demu  Itlplexlng,  velocltyanalysls,  COP  ste:«  rxj,  :»con- 
vo lutlon-f I  Iter  I ng,  and  pi ott Ing  on  an  el ectrostat Ic  p I  otter.  The  i I  lustra t ion  below  5vo«s  *--e  i oca 1 1  on 
of  the  sel smlc  I  I nes.  These  seismic  data  are  also  available  In  SEG-Y  format  ss  stacked  or  ce«"- ' t i  p ; exed 
magnetic  tapes.  Previous  data  offered  by  NGDC  for  the  Navarin  Basin  are  listed  in  the  Previous  0a*a 
Announcements    for   the  Navarin  Basin   section  of    this   announcement. 


"Multichannel    Sei smlc-rfef lection   Profiles   Collected    In    1977    In    the   Northern    Bering   Sea," 
Alan   K.    Cooper,    Michael    S.   Marlow,    and   Dennis  M.   Mann,    USGS   Geological    Survey   Oper 
Report   86-207,    U.S.    Geological    Survey,    Dept.    of    Interior,    Menlo  Park,    CA   94025. 
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DATA  AVAILABLE 

Electrostatically  Plotted  Profiles  (deconvolved  and  filtered  after  stacking): 

20  Lines  (sections) .„ Plastic  Sepia 

Paper  Sepia 
Paper  Black  I  I ne 

Navigation  Data: 


$   2,297.00 
$   2,084.00 

$   2,046.00 


$ 

21.00 

s 

12.00 

$ 

8.00 

1  shot-point  navigation  map „ , Plastic  Sepia 

Paper  Sepia 
Paper  Blackl Ine 

1  shot-point  navigation  tape  (9-track,  1600  BPI,  ASCII) ........S     100.00 

Digital  Seismic  Data: 

16  Stacked  Tapes ,. .....$   2,960.00 

532  Demultiplexed  Tapes $  98,420.00 

INQUIRIES  ARE  INVITED  REGARDING  THE  AVAILABILITY  AND  PRICES  OF  OTHER  DATA  IN  THE  ALASKA  AREA. 


The  prices  quoted  here  are  valid  through  September  30,  1987.  Prices 
applicable  after  that  date  may  be  obtained  by  calling  (303)  497-6338, 
FTS  320-6338. 


HOW  TO  ORDER 


DEPARTMENT  OF  COMMERCE  REGULATIONS  REQUIRE  PREPAYMENT  FOR  ALL  NON-FEDERAL  ORDERS. 
Checks  and  money  orders  should  be  made  payable  to  C0MMERCE/N0AA/NGDC .  Do  not  send 
cash.  Please  add  a  ten-dollar  (S10)  handling  fee  for  NON-U. S. A.  orders.  Checks  or 
money  orders  for  alt  foreign  orders  must  be  In  U.S.  dollars  drawn  on  a  U.S.A.  bank. 
Rush  orders  require  a  surcharge  of  fifteen  dollars  ($15),  Orders  may  be  charged  to 
an  American  Express,  MasterCard,  or  Visa  credit  card  by  telephone  or  letter.  Please 
Include  card  number,  name  of  cardholder,  expiration  date,  telephone  number,  and  your 
signature  with  order. 


Inquiries,  orders,  and  payment  should   Please  direct  telephone  inquiries 
be  addressed  to:  and  pre-orders  to: 


National  Geophysical  Data  Center 
NOAA  E/GC  3   Code  285 
325  Broadway 
Boulder,  CO  80303 


Commercial 

FTS 

TELEX 


(303)  497-6338 

320-6338 

59281 1  NOAA  MASC  8DR 


For  technical  details, 
contact: 

J.  Bruce  Grant 
NOAA   E/GC  3 
325  Broadway 
Boulder,  CO  80303 

Telephone:  (303)  497  6345 
FTS:  320-6345 


DATA  PREVIOUSLY  ANNOUNCED  FOR  THE  NAVARIN  BASIN  AREA,  ALASKA 


1977  (U)     Multichannel  Common  Depth  Point  (CDP)  Seismic  Reflection  Data  -  SE  Bering  Sea,  Alaska 
1980  (SE-0)   Lease  Sale  70.   St.  George  Basin,  Bering  Sea,  Alaska;   USGS  Data  Set  AK  15947 
1980  (SE-T)  Multichannel  Common  Depth  Point  (CDP)  Seismic  Reflection  Data  In  the  Area  of  Lease 

Saies  70  and  75,  Southern  Bering  Sea,  Alaska 
82-MGG-09     Lease  Sale  92.  Bering  Sea,  Alaska  -  High-Resolution  Seismic  Reflection  Data  for 

North  Aleutian  Shelf 
93-MGG-02     Seismic  Reflection  Data.   Multichannel  Seismic  Reflection  Data  -  North  Bering  Sea  - 

Gulf  of  Anadyr 
84-MGG-02     Seismic  Reflection  Data.  Navarln  Basin,  No.  Bering  Sea,  Alaska  -  High  Resolution 

Seismic  Reflection  Profiles 
84-MGG-04     Bathymetrlc  Data.  Navarin  Basin  -  North  Baring  Sea,  Alaska 
84-MGG-05     Magnetic  &  Gravity  Data.  Navarin  Basin  -  North  Bering  Sea,  Alaska 
84-MGG-09     Seismic  Reflection  Data.  Multichannel  Seismic-Reflection  Profiles  -  Norton  Sound  and 

Eastern  Bering  Sea,  AK 
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Software 


Software  Package  is  an  Integrated  Finite 
Difference  Program  for  Computing  Two- Phase 
Nonisothermal  Flow  in  Porous  Media 


DOE/TIC/EG-86/031 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


This  technical  note  was  based  on  a  software  package  developed  by  Lawrence 
Berkeley  Laboratory  for  the  U.S.  Department  of  Energy  and  available  at  the 
National  Energy  Software  Center. 


Lawrence  Berkeley 
Laboratory 


The  SHAFT79  program  is  designed  to 
simulate  production  and  injection  in 
geothermal  reservoirs.  It  can  be  easily 
modified  to  be,  applicable  to  other  two- 
phase  problems. 

SHAFT79  solves  coupled  mass  and 
energy  balance  equations  based  on  the 
following  major  assumptions:  the  physical 
system  is  a  system  of  porous  rock  satu- 
rated with  a  one-component  fluid  in  liquid 
and  vapor  form;  all  rock  properties,  except 
porosity,  i.e..  density,  specific  heat,  thermal 
conductivity,  and  absolute  permeability, 
are  independent  of  temperature,  pressure, 
or  vapor  saturation;  and  liquid,  vapor,  and 
rock  matrix  are  at  the  same  temperature 
and  pressure  at  all  times. 

A  fluid  table  is  used  to  provide  the  equi- 
librium thermodynamic  properties  of  the 
fluid  filling  the  void  space— temperature, 
pressure,  vapor  saturation,  heat  conduc- 
tivity, liquid  and  vapor  viscosities,  densi- 
ties, specific  internal  energies — as  func- 
tions of  fluid  density  and  fluid  specific  in- 
ternal energy. 


SHAFT79  has  been  developed  only  for 
systems  of  water  and  rock.  The  fluid  table 
covers  most  of  the  equation  of  state  of 
water  substance  in  the  temperature  range 
of  5  to  400  degrees  C  and  the  pressure 
range  of  0.5  to  220  bars 

The  fluid  table  is  generated  by  executing 
two  auxiliary  programs  included  in  the 
package:  WATER  computes  and  taDmates 
the  steam  table  equations  as  given  by  the 
International  Formulation  Committee 
PROPER  numerically  inverts  these  tables 
into  functions  of  viscosities  and  densities 
and  appends  parameters  other  than  tem- 
perature, pressure,  and  vapor  saturation 

The  program  is  designed  to  run  on  the 
CDC7600  and  uses  the  FORTRAN  IV  pro- 
gramming language  and  the  SCOPE  2 
operating  system  It  requires  725.000  (oc- 
tal) words  of  storage.  Typical  problems  re- 
quire about  10  to  25  CP  seconds  on  the 
CDC7600.  (References  1-3  are  included 
with  the  software  package  ) 


REFERENCES 


ORDER 
INFORMATION 


FOR  ADDITIONAL 
INFORMATION 


DOE  reportfs): 

(11 SHAFT79  User's  Manual. 

Report  number:  LBL-1086 1  /NAB 
Price:  $11.95 
(2)  SHAFT?  8,  A  Two -Phase  Multidimensional  Computer 
Program  for  Geothermal  Reservoir  Simulation. 
Report  number:  LBL-8264/NAB 
Price:  $16.95 


Other  referenced) 

(31  SHAFT79  Tape  Description  and  Implementation 

Information 

Report  number  NESC  Note  81-35 

Order  number  NESC  No  893  7600 

References  1 -2  are  available  separateN  from  NT1S  See  order 
information  below 


This  software  package  (DE83048893/NAB)  can  be 
purchased  for  $1710  (North  American  Price).  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer  Products 
Center.  (703)  487-4763. 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No.  (312)  972-7250 (Comm ) 
972-7250  (FTS) 


DOE  offices,  contractors  J"j  "V"  v  :  ej-.v  .•  -.: 
organizations  can  purchase  :~  s  ss"*j  -  .\:.< 
893)  directly  or  by  subscription  from 

National  Energy  Software  Cantor 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 
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US  Army  Fact  Sheet 

Atmospheric  Sciences  Laboratory  (ASL) 


White  Sands,  NM  88002 


Meteorological  Sensor  Package 

The  Meteorological  Sensor  Package  (MSP)  is  an  integrated  meteorological 
sensing  device  designed  for  deployment  by  the  Army  in  tactical  operations  areas. 
Each  MSP  system  will  contain  meteorological  sensors,  operator's  data  control 
unit  (DCU),  serial  input/output  (I/O)  module  to  transmit  data  to  other  computers, 
mast  assembly  for  vehicular  mount  and  operation,  and  tripod  and  battery  pack 
for  stand-alone  operation. 

The  basic  sensor  unit  has  the  capability  of  measuring  wind  speed/direction, 
temperature,   relative  humidity,  pressure  and  magnetic  north.     The  microprocessor 
and  signal  conditioning  circuits  located  in  the  sensor  head  convert  all  of  the 
sensor  analog  outputs  to  digital  signals.     This  allows  a  two-wire  current  loop 
to  the  DCU  and  facilitates  the  addition  of  optional  sensors. 

The  DCU  communicates  with  the  sensors  and  the  serial  I/O  module.     It  receives 
raw  data  from  the  sensors,  processes  it,  and  sends  it  to  the  serial  I/O  module 
for  transmission  to  other  computers/users.     To  maximize  its  communications  flex- 
ibility, the  serial  port  on  the  DCU  is  programmable  and  can  therefore  use  a 
variety  of  communications  protocols.     Since  the  DCU  is  equipped  with  a  keyboard 
and  display,  it  serves  as  the  operator  terminal  for  the  system  and  can  therefore 
be  used  to  manually  input  data,  programs,  or  instructions  for  system  operations. 

The  serial  I/O  module  is  the  interface  between  the  MSP  and  the  rest  of  the  world. 
It  has  the  capability  of  communicating  with  other  devices  via  five  data  ports 
including  two  RS-232C  serial  poits  for  the  possible  future  addition  of  a  cloud 
height/visibility  sensor  and  a  position  location  and  reporting  device,   two  serial 
RS-232  ports  future  expansion  and  one  port   to  communicate  with  a  radio  modem. 

The  MSP  is  equipped  with  a  mast  that  can  extend  the  sensor  module  mechanically 
thirteen  feet  above  the  platform  to  which  it  is  attached.     Its  mast  assembly 
can  be  attached  to  virtually  any  vehicle,   including  trucks  and  military  utility 
vehicles.     It  can  also  be  installed  on  permanent  structures. 

The  sensor  can  also  be  mounted  on  a  tripod  assembly  if  the  stand  alone  mode 

of  operation  is  desired.     Battery  packs  developed  with  the  system  allow  unattended 

operation  for  up  to  ten  days  in  the  field. 

FOR  ADDITIONAL  INFORMATION: 
Mr.  Ray  Rigert 
Army  Atmospheric  Sciences 
Laboratory 

Technology  Transfer  Office 
ATTN:     SLCAS-DP-P 
White  Sands,  NM    88002 
(505)  678-3504 
Refer  to  AS-03/TN 
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Physical  Sciences 


602  Detecting  the  Edges  of  Obstacles  From  Range  Data —  Edges  of  sjch  terrain 
features  as  boulders  or  craters  can  be  identified  from  geometrical  reiatc.sh.ps 

603  Measuring  the  Low-Energy  Spectrum  of  Cobalt-60 —  Ionization  chamber  yields 
data  for  calculating  dose-enhancement  factor  for  a  given  spec.men  geometry. 

606  Electromechanical  Properties  of  Superconducting  Magnets 

607  JANAFThermochemcial  Tables 

608  Attenuation  Measurements  on  Deformed  Optical  Fibers 
Testing  &  Instrumentation 

604  Two-Beam  Gamma  Densitometer 

605  Soft  X-Ray  Laser  at  Princeton  University 

609  Hydrogen  CARS  Spectrometer  for  Combustion  Diagnostics —  Coherent  a 
Stokes  Raman  scattering  produces  data  on  chemical  and  physical  events  and 
flow. 

610  Fast-Responding  Thermal  Fluence  Gauge —  With  its  small  mass,  agaugecan 
measure  the  effects  of  pulses  as  brief  as  1  millisecond. 

61 1  A  Virtual  Impactor  for  Personal  and  Area  Air  Sampling 

61 2  X-Ray  Microprobe  Achieves  1 0  Micron  Resolution 

613  Three-Frequency  Water-Vapor  Radiometer —  Measurements  increase  the 
accuracies  of  delay  predictions. 

614  Laser-Pulce/Fiber -Optic  Liquid-Leak  Detector — Several  potential  'eak  stescar 
be  monitored  using  a  single  sensing  fiber.  (Licensing  Oooortunrry) 

615  Improved  Spectrometer  for  Field  Use —  Instrument  would  give  answers   i  '~e 
field  without  waits  for  lab  processing.  (Licensing  Opportunity) 

Other  items  of  interest 

579  Thermal  Analysis  of  Epoxy  Mixtures —  Differential  scanning  ana'ysts  >  -se.:  v 

study  the  curing  of  resins. 

582  Deuterides  of  Rare-Earth/Transiton-Metal  Alloys —  Neutron  diftfracton  studies 

shed  light  on  both  crystal  and  magnetic  structures. 

587  Two-Step  Vapor/Liquid/Solid  Purification —  One  process  approa. 

theoretical  limit  of  multiple  zone  refining  and  distillation.  ^Licensing  Oppc  1 
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Detecting  the  Edges  of  Obstacles  From  Range  Data 

Edges  of  such  terrain  features  as  boulders  or  craters 
can  be  identified  from  geometrical  relationships. 


^ 


Laser  Range -Finder 


-£;--.__, 


v^^  wwvwww 


A  Laser  Rangeflnder  is  mounted  on  a  mast  of  height  b.  C  and  B  are  points  at  which  the  scanning  laser  bean?  bo  - 
off  the  terrain  and  D  is  the  estimate  of  the  range.  The  slope,  tan  6,  of  the  obstacle  can  be  computed  by  taking  '.ner-.' :  ■  ■ 


A  study  of  remote  sensing  by  laser  rangefinders 
has  investigated  ways  in  which  edges  of  objects  on 
flat  terrain  can  be  defined  by  a  slope  or  gradient 
change.  The  study  by  the  U.S.  Army  Research  and 
Development  Center  described  the  effects  on  mini- 
mum detectable  slope  change  of  the  following: 

•  Noise  levels, 
•Probability  of  miss, 
•Probability  of  false  alarm, 
•Spacing  of  measurements,  and 

•  Random  distribution  of  edges  near  range-meas- 
urement points. 

The  study  employed  a  simple  estimate  of  slope 
change,  calculating  the  Laplacian  from  incremen- 
tal range  measurements  taken  at  different  eleva- 
tion angles  (see  figure).  The  Laplacian  is  defined  as 
the  second  difference  of  the  range  data.  Since  the 
range  data  contain  noise  in  the  form  of  measure- 
ment error,  consideration  must  be  given  to  the 
statistical  aspects  of  detecting  edges  in  order  to  dif- 
ferentiate between  actual  edges  and  noise  effects. 


For  an  assigned  probability  of  false  aiarm  and 
miss,  one  can  determine  the  signal-to-noise 
and  the  threshold-to-noise  ratio  If  one  uses  a  sce- 
cial  scanning  scheme  in  which  the  spacing  ol 
zontal  projections  is  proportional  to  tne  rac  a 
tances  from  the  laser  to  a  horizontal  p.are  Bier  Ihe 
function  K  of  angular  geometry  is  aisc 
The  minimum  detectable  obstacle  angle  car.  be 
found  with  certain  probability  if  K.  the  eieva;  cr 
angle  ft,  and  the  terrain  slope  f  are  known 
Project  officer  C.  N.  Shen 
(518)  266-5414  or  AV  974-5414 

fOR  APC"'iCH*l    HfOPUt 

Vbu  can  team  mye  ttUttS  aCtxit .'-  S  tV-VKy .  ."»  >w»-y  W  '■ 
Analysis  of  G'aoeri  Cr***/?  fhniHott   "  "V 
Orecoo-  c'  Ugoi  c'  £*>«>>  « 

Onter  numt&i  AP  A 't**i  •*«,■<■> 
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Measuring  the  Low-Energy  Spectrum  of  Cobalt-60 

Ionization  chamber  yields  data  for  calculating  dose-enhancement 
factor  for  a  given  specimen  geometry. 


The  relative  magnitude  of  the  low-energy  scat- 
tered component  of  cobalt-60  gamma  radiation 
can  be  determined  experimentally  with  a  gold-and- 
aluminum-wall  air-ionization  chamber.  The  gold/ 
aluminum-ionization-chamber  technique,  devel- 
oped by  Harry  Diamond  Laboratories,  yields  an  im- 
mediate quantitative  indication  of  the  degree  of 
Pose  enhancement  that  can  be  achieved  by  a 
given  filter  combination  for  a  particular  source  con- 
figuration. 

The  results  clearly  identify  the  type  of  source 
configurations  that  have  inherently  high  scatter. 
The  results  also  provide  empirical  evidence  that 
the  spectra  of  most  practical  cobalt-60  irradiators 
can  be  hardened  to  a  degree  equal  to  or  better  than 
that  of  the  best  available  unscattered  spectrum,  if 
the  specimen  is  enclosed  in  a  filter  box  having  a 
0.063-in.  (0.16  cm)  thickness  of  lead  on  the  source 
side  and  no  more  than  0.030  in.  (0.076  cm)  of  alu- 
minum. The  experimental  data  suggest  that  thinner 
aluminum  layers  are  better  and  that  no  aluminum 
may  be  best. 

The  chamber  body  is  made  of  polystyrene  to 
minimize  leakage  current  (see  figure).  No  guard- 
ring  is  used  because  the  aspect  ratio  of  the  cham- 
ber is  high,  and  it  is  not  necessary  to  know  the  ab- 
solute calibration  of  the  chamber.  A  60-V  bias  is 
provided  by  a  power  supply.  The  ionization  current 
is  measured  by  a  digital  electrometer.  The  resolu- 
tion of  the  electrometer  is  0.01  picoampere  on  its 
most  sensitive  range,  and  measurements  of  cur- 
rents of  tens  of  picoamperes  is  therefore  feasible 
ana  accurate. 


Au/AI 
Electrode 


Clamp  Nut 


An  Exploded  View  of  the  Ionization  Chamber  shows 
the  4-cm-diameter  cavity  and  the  0.3-cm  spacing  be- 
tween electrodes.  Connection  from  the  twinaxial  cable 
is  by  mechanical  pressure  from  the  electrode  cover 
plates. 

'  OR  ADDITIONAL  INFORMATION 

You  (  in  learn  more  de  nls  about  this  technology  by  ordering  the  NTIS  repon(s) 
t  'penmenlai  Determination  of  the  Low-Energy 

iiectral  Compont-m  ol  Cobalt-60  Sources 
•    dei  number  AC  A168022/NAA 
'  'ice  code  A03 

Order  rom 

l.  itional  Technics^  Inlormation  Service 
■ .  '85  Pod  Royal  ft  >ad 
Springfield.  VA  ?2iftt 


This  document  was  prepared  under  the  sponsorship  or  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Two-Beam  Gamma  Densitometer 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy 


OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


With  the  use  of  prior  knowledge  or  as- 
sumptions about  possible  distributions  of 
a  two-phase  fluid  flowing  in  a  pipe,  the 
average  density  and  the  density  distribu- 
tion can  be  determined  with  a  two-beam 
radiation  attenuation  densitometer. 

A  radiation  densitometer  is  a  nonintru- 
sive  method  for  gaining  information  about 
the  average  density  and  density  distribu- 
tion of  a  fluid  of  interest. 

The  densitometer  with  an  active  source. 
and  correspondingly  high  count  rate,  al- 
lows measurements  to  be  made  quickly 
(~1  sec)  so  that  density  fluctuations  can 
be  observed. 

The  general  procedure  for  using  a  multi- 
beam  densitometer,  after  the  densitometer 
geometry  has  been  selected,  consists  of 
four  steps: 

(1)  Select  a  density  distribution  model 
or  a  fluid-flow  model 

(2)  Calculate  the  densitometer  readings 
and  the  average  density  for  each  of  the 
many  combinations  of  values  of  the  param- 
eters that  specify  the  fluid  distributions 


(3)  Construct  \r'^rz'-/'-r  or   charts 
the  use  of  the  values  ".5  c  .  ^:ed  in  step  2 

(4)  Interpret  the  experimental  data 
An  example  of  the  two-beam  syste" 

presented  m  the  figure '.-: .-.    - 

analysis  of  the  system,  with  considerable 

mathematical  detail,  is  avai  able 

The  technique  does  Have  some  limita- 
tions: 

•  A  primary  difficulty  lies  m  finding  a 
fluid  distribution  mi  -,-    -  ,\  is  complies 
enough  to  accurately  recesent  the  ac* 
fluid  distribution  ana  st      simple  enough 
to  lend  itself  to  the  matnennatical  analyses 
required. 

•  If  the  actual  fluid  distribution  does  not 
conform  to  the  assumed  model,  abs  i 
interpretations  of  the  density  mterpreta: 
can  result 

•  Designs  of  the  two-beam  system  to 
date  have  been  based  on  intuition  It 
would  be  desirable  tc  ~ave  a  procedure 
to  optimize  the  densitometer  geometry  for 
a  given  density  distribut  :n  model. 


FOR  ADDITIONAL 
INFORMATION 


Referencels) 

Mass  Flow  Instrumentation  During  LOFT 

Nonnuclear  Test  Series.  ISA  Trans  .  13(4)  43-55 

11979) 

Two  Phase  Fluid  Density  Measurement  with  a  Two- 

Beam  Radiation  Attenuation  Densitometer  IEEE 

Trans  Nucl  Sci  .  NS-23  (1 )  (1 976) 

DOE  report(s) 

LOFT  Three-Beam  Densitometer  Data  Interpretation 

Report  number   TREE  NUREG-  1111    NAB 

Order  number  TREENUREG- 1111  /NAB 

Price  $11  95 

The  Development  of  Reconstructive  Tomography  for 

the  Measurement  of  Density  Distribution  m  Large 

Pipe  Steady-State  Multiphase  Flows  m  Review 

Group  Conference  on  Advanced  Instrumentation 

Research  for  Reactor  Safety,  held  at  the  Oak  Ridge 

National  Laboratory,  July  29-31.  1 980 

Report  number  NUREG   CP  001 5 'NAB 

Order  number  NUREG,  CP-0015'NAB 

Price  Contact  NTIS  tor  quote 


Order  DOE  reports  from 

National  Technical  ir-  Service 

5285  Port  Royal  Road 
Springfield.  VA22I 

For  additional  mforr-^ 
J  M  V\e 
EG&G'dar:  Inc 
PO  Box  1625 
Idaho  Fails.  ID834I5 
Telephone  \       208)5* 

Or 

8  V  Thornton 
EG&G  ldaf>o  inc 
PO  Box  I 
Ida'-,  -"j  s    0  -    - 
Telephone  No   (206 


Two-beam  densitometer  geometry. 
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Soft  X-Ray  Laser  at  Princeton  University 

This  technical  note  summarizes  a  project  achievement  selected  from  the 
U.S.  Department  of  Energy  1  985  Basic  Energy  Sciences  Program. 


DOE/TIC/EG-86/155 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


published  by 

Office  of  Scientific  and 

Technical  Information 

U.  S.  Department 

of  Energy 

Oak  Ridge,  Tennessee 


A  technical  note 
from  your  energy 
information  center 


There  are  many  important  uses  for 
unique,  high-intensity,  laser-produced  X- 
rays  in  medicine,  physics,  biology,  and 
technology  in  general.  In  medicine,  the 
finely  focused  X-ray  laser  would  allow  bet- 
ter localization  in  the  use  of  CAT  scanners 
and  similar  devices.  Plasma  physicists 
could  make  extensive  use  of  soft  X-ray  las- 
ers to  measure  temperature,  impurity  den- 
sities, and  ion  transport  in  fusion  plasmas. 
In  the  area  of  solid-state  physics..  X-ray 
lasers  could  substantially  improve  struc- 
tural analysis  of  crystalline  solids.  X-ray 
microscopes  would  have  greater  resolu- 
tion than  can  be  achieved  by  present-day 
electron-beam  systems.  The  first  step  in 
this  direction  is  the  development  of  the 
1 8.2-nm-wavelength  soft  X-ray  laser  at 
Princeton. 

At  the  heart  of  this  approach  to  a  soft 
X-ray  laser  is  the  use  of  a  fast-recombining 
plasma.  Initially,  the  plasma  temperature 
is  increased  until  the  carbon  atoms  be- 
come completely  ionized;  that  is,  totally 
stripped  of  electrons.  The  plasma  then 
cools  rapidly  by  intensive  radiation  losses 
and  thus  causes  ions  to  recombine  with 
free  electrons.  Because  recombination  oc- 
curs primarily  at  the  higher  energy  levels 
(outer  orbits),  whereas  lower  levels  (inner 
orbits)  do  not  capture  electrons,  an  un- 
stable condition  known  as  population  in- 
version  occurs.    Electrons   in  the   higher 


energy  levels  then  "avalanche"  to  the  lower 
levels  and  thus  create  a  more  stable  elec- 
tron configuration.  In  the  process,  each 
electron  loses  energy  m  the  form  of  a  soft 
X-ray  photon.  The  lasing  process  occurs 
when  the  photons  produced  in  this  fashion 
stimulate  the  emission  of  additional  pho- 
tons from  other  ions  and  thus  initiate  a 
chain  of  such  events.  The  result  is  an  in- 
tense, coherent  soft  X-ray  pulse  of  a  single 
wavelength. 

A  carbon  dioxide  laser  has  been  used 
to  produce  a  dense  carbon  plasma  column 
of  1  to  2  cm  in  length,  which  is  held  to 
a  1  -  to  2-mm  diameter  by  confinement  in 
a  strong  magnetic  field.  A  100-fold  in- 
crease of  the  1  8.2-nm  soft  X-ray  laser  line 
has  been  observed  in  the  direction  along 
the  plasma  column  as  a  result  of  the  de- 
sired stimulated-emission  process.  This  re- 
sult corresponds  to  an  amplifier  "gain"  of 
about  6.5.  By  using  a  multilayer  soft  X- 
ray  mirror  with  a  reflectivity  of  12%,  an 
enhancement  of  120%  of  the  stimulated 
radiation  was  achieved  More  recently,  the 
soft  X-ray  laser  beam  divergence  was 
measured  to  be  as  low  as  5  mrad  with  a 
power  of  100  kW,  an  energy  of  1  to  3 
mjoule.  and  a  maximum  amplification  of 
stimulated  emission  of  500  (a  gain  of 
about  8.0).  (Princeton  Plasma  Physics  Lab- 
oratory, S.  Suckewer) 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact: 
Plasma  Physics  Laboratory 
Princeton  University 
P.O.  Box  451 
Princeton.  NJ  08544 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899  


Electromechanical  Properties  of  Superconducting 
Magnets 

Accurate  data  on  superconductor  performance  under  mechanical 
load  is  essential  to  the  design  of  the  magnets  used  in  various 
fusion  energy  devices.    NBS  is  conducting  a  3-year  research  pro- 
gram sponsored  by  the  Department  of  Energy  to  obtain  this  data 
and  to  quantify  the  electromechanical  properties  of  promising 
new  superconductor  materials.    Electromechanical  Properties  of 
Superconductors  for  DOE  Fusion~Applications    (NBSIR  86-3044) 
reports  the  results  of  the  first  18  months  of  the  program.    In- 
cluded are  data  on  the  properties  of  experimental  (PbMo.Sft  and 
liquid-infiltrated  Nb-Ta/Sn)  and  commercial  NB,S  )  superconduct- 
ors and  stainless  steel  conductor-sheathing  materials.    A  new 
electron-tunneling  diagnostic  tool  for  probing  the  energy  gap  of 
practical  superconductors  is  described. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is 
available  from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 
NTIS  order  number:    PB87-125753/NAC 
Price  code:    A06 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


JANAF  Thermochemical  Tables 

NBS  has  published  the  third  edition  of  the  (Joint-Army-Navy- 
Air  Force)  JANAF  Thermochemical  Tables.    The  JANAF  tables 
provide  scientists  in  government,  industry,  and  universities  with 
important  information  on  the  performance  of  materials  at  high 
temperatures.    The  thermochemical  data  in  the  JANAF  tables 
have  technical  application  in  performance  calculations  for  chem- 
ical reactors  such  as  rocket  engines,  air  pollution  control  equip- 
ment, automotive  internal  combustion  engines,  coal  gasifiers  and 
furnaces,  fuel  cells,  liquefaction  reactors  and  their  catalyst  struc- 
tures, and  magnetohydrodynamic  generators.    The  information  also 
can  be  used  by  engineers  in  the  design  of  chemical  plants.    The 
JANAF  Thermochemical  Tables  are  published  as  Supplement  No.l 
to  Volume  14  of  the  Journal  of  Physical  and  Chemical  Reference 
Data  (1985).     The  journal  and  its  supplements  are  published  under 
a  cooperative  agreement  among  NBS,  the  American  Institute  of 
Physics,  and  the  American  Chemical  Society. 

FOR  ADDITIONAL  INFORMATION:     The  two-volume  set  is  avail- 
able  for  $130  prepaid  from  the  American  Chemical  Society,  1155 
Sixteenth  Street,  N.W.,  Washington,  D.  C.  20036.    The  computer- 
readable  database,  The  JANAF  Thermochemical  Tables  (1985), 
NBS  Standard  Reference  Database  13,  is  available  for  $1,200 
from  the  Office  of  Standard  Reference  Data,  A323  Physics  Build- 
ing, National  Bureau  of  Standards,  Gaithersburg,  MD  20899;  (301) 
975-2208. 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Attenuation  Measurements  on  Deformed  Optical 
Fibers 

The  optical  attenuation  of  lightguides  is  one  of  the  most 
important  parameters  to  system  designers.    In  addition  to  the 
inherent  attenuation  of  a  given  fiber,  designers  must  take 
into  account  the  added  losses  caused  by  the  perturbations  of 
bending,  twisting,  stretching,  and  overlapping  of  uncabled 
fibers.    NBS  has  investigated  these  losses  in  short  lengths  of 
a  variety  of  multimode  fibers,  using  optical  time  domain 
reflectometry.    The  results  of  the  studies  showed  that  bending 
and  microbending  are  the  sources  of  most  of  the  losses,  that 
tension  causes  up  to  A  dB/N  km  of  loss  (depending  on  the  type 
of  fiber),  that  twisting  losses  are  negligible,  and  that 
overlapping  causes  losses  somewhat  less  than"  bending  does. 

FOR  ADDITIONAL  INFORMATION:     These  findings  are  pre- 
sented in  Attenuation  Measurements  on  Deformed  Optical 
Fibers    (NB5IR  86-3052). 

Order  number:    PB87-132289/NAC 

Price  code:    A03 
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Hydrogen  CARS  Spectrometer  for  Combustion  Diagnostics 

Coherent  anti-Stokes  Raman  scattering  produces  data 
on  chemical  and  physical  events  and  flow. 


A  single-shot  spectrometer  based  on  hydrogen 
coherent  anti-Stokes  Raman  scattering  (CARS)  has 
been  developed.  The  CARS  spectrometer  yields  in- 
formation about  the  chemical  and  physical  flow 
fields  of  a  burning  propellant  under  pressure. 

Facilities  were  established  by  the  U.S.  Army  Ar- 
mament Research  and  Development  Center  for 
performing  single-shot  hydrogen  CARS  diagnos- 
tics on  propellant  ignition  and  flame  (see  figure). 
Preliminary  experiments  indicate  that  critical  fac- 
tors in  the  CARS  techniques  are  the  choice  of 
background  gas,  flow  rates  through  the  pressure 
cell,  yttrium/aluminum/garnet  laser  fluence,  and 
spectral  width  of  the  dye  laser. 

CARS  spectra  of  nitrogen  product  gas  were  ob- 
tained from  burning  propellant,  and  the  spectra  of 
hydrogen  evolved  in  the  propellant  flame  were  ob- 
served. The  use  of  oxygen  as  a  background  gas 
was  shown  to  alter  the  behavior  of  the  propellant. 

Hydrogen  gas  was  chosen  as  the  target  mole- 
cule because  of  its  large  Raman  cross  section,  its 
presence  in  the  equilibrium  products  of  propellant 
combustion,  and  its  ubiquity  in  the  laser-induced 
decomposition  of  propellant  materials.  Spectro- 
scopic analysis  at  frequencies  corresponding  to 
the  hydrogen  Q-branch  is  easy  because  the  spec- 
trum is  unambiguous;  the  individual  rotational  lines 
narrow  and  separate  within  a  convenient  contour 
for  broadband  dye  lasers.  Moreover,  other  Raman- 
active  molecules  do  not  interfere. 
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A  CARS  Sp@ctrum  is  generated  by  the  focused 
interaction  of  pump  and  Stokes  lasers  in  the  sample. 
With  a  colinear  configuration  of  the  two  beams,  the  in- 
teraction volume  is  fairly  large,  the  signal  level  is  opti- 
mum, and  the  alignment  procedure  is  straightforward. 
As  they  leave  the  sampled  region,  the  pump  and  Stokes 
beams  are  blocked.  The  anti-Stokes  beam  (the  CARS 
signal)  is  diverted  to  an  optical  multichannel  analyzer  for 
detection  and  recording. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reports): 
Single-Shot  1-1(2)  CARS  Spectroscopy  of  Propellant  Ignition 
and  Combustion  Under  Pressure. 
Order  number:  AD-A168054/NAA 
Price  code:  A03 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Fast-Responding  Thermal  Fluence  Gauge 

With  its  small  mass,  a  gauge  can  measure  the  effects 
of  pulses  as  brief  as  1  millisecond. 


BONO   LAYER 


FRONT 
THERMOCOUPLE 


BOND 
SURFACE- 


REAR   THERMOCOUPLE 


A1UMINUM    THERMOELEMENT 


The  heart  of  the  Thermal  Conductivity  Gauge  is  an  aluminum  disk  having  front  and  rear  thermocouples.  The  gauge 
replaces  thin-skin  total-heat  gauges,  which  measure  only  the  maximum  temperature  attained  by  the  back  surface,  with 
no  indication  of  the  time  required  to  reach  that  temperature. 


A  special  thermal  fluence  gauge  has  been  fabri- 
cated to  respond  to  sharply  rising  temperatures. 
The  gauge  is  used  when  the  thermal  flux  is  of  short 
duration,  150  milliseconds  or  less,  and  of  low  total 
energy,  179  calories  per  square  centimeter  or  less. 
The  maximum  operating  temperature  of  the  gauge 
is  500  °C.  It  can  withstand  severe  blast  and  shock. 

The  measuring  element  of  the  gauge  is  a  thin 
aluminum  disk  having  a  chromel/alumel  thermo- 
couple mounted  across  the  center  of  each  face 
with  a  thermoconducting  epoxy  adhesive  (see 
figure).  This  subassembly  is  mounted  on  the  end  of 
a  ceramic  mandrel  inserted  in  a  ceramic  sleeve  so 
that  the  front  surface  of  the  disk  is  flush  with  the 
front  of  the  sleeve.  Wires  connecting  the  gauge  to 
external  instrumentation  are  anchored  to  the  man- 
drel and  exit  through  the  rear  of  the  sleeve. 

The  gauge  performs  well,  although  design 
changes  could  simplify  both  acquisition  and 


analysis  of  data.  Such  changes  would  include 
adoption  of  a  two-wire  shielded  thermocouple  and 
vapor-deposited  thermocouple  junctions  The  two- 
wire  system  would  reduce  the  number  of  data 
channels  to  one  per  gauge,  thus  eliminating  a  dif- 
ferencing step  in  the  analysis.  Vapor-deposited 
junctions  would  allow  more  accurate  measure- 
ment of  the  gauge  surface  temperature. 
Project  officer  Melinda  B.  Krummerich 
(301)  278-6128  or  AV  283-6128. 

FOR  ADDITIONAL  INFORMATION 

\bu  can  learn  more  details  about  ffuswcftnotopy  by  artsnyr*  %'S  «.\ws. 

A  Fast  Response  Thermal  OanfltclMty  Gauge 
Order  number  AD^I6818SrNAA 
Phcecode  A03 

Order  from 

National  Teem/cat  InhymatKm  Sendee 
S?85  ftvt  Royal  float) 
SorlnotieM.  VA  22t& 


This  document  was  prepared  under  the  sponsorship  of  tha  U.S.  Government  Neither  the  United  States  Government  nor  a*r 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  mrormatro* 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights 
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A  Virtual  Impactor  for  Personal 
and  Area  Air  Sampling 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-86/108 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


A  multistage  virtual  impactor  has  been 
designed  and  fabricated  consisting  of  two 
separation  stages,  yielding  three  particle 
size  classes.  Efficiency  and  loss  curves 
have  been  experimentally  determined  at 
ambient  conditions  for  each  stage.  The 
small  physical  size  and  ability  to  operate 
at  low  flow  rates  make  the  impactor  very 
versatile. 

The  virtual  impactor  is  able  to  accurately 
measure  particle  size  distributions  by  de- 
termining the  mass  median  aerodynamic 
diameter  and  Geometric  Standard  Devia- 
tion. The  impactor  operates  at  close  to 
theoretical  efficiencies  and  sharpness  of 
cut  points.  The  prototype  routinely  collects 
20  to  40  mg  of  aerosol  mass  with  total 
internal  losses  of  less  than  9% 

A  wide  range  of  cut  points  is  available 
with  a  single  design  by  simply  changing 
the  flow  rate  through  the  impactor  Alter- 
natively, the  virtual  impactor  design  could 
be  modified  to  cover  a  variety  of  applica- 


tions. The  virtual  impactor  was  designed 
and  fabricated  to  operate  at  two  liters  per 
minute  volume  flow  rate.  This  flow  rate  is 
particularly  compatible  with  two  applica- 
tions: personal  air  sampling  and  remote 
environmental  sampling. 

The  virtual  impactor's  design  eliminates 
particle  bounce.  This  characteristic  is  par- 
ticularly desirable  if  the  size  distribution 
measurements  are  to  be  used  to  establish 
parameters  for  environmental  dose  path- 
way models 

The  two-stage  impactor  shown  was  de- 
signed for  small  size  and  a  2  liter/mm 
flow  rate.  Flow  through  each  stage  is  con- 
trolled by  an  orifice  The  sum  of  the  orifice 
areas  can  be  used  to  control  the  total  flow 
through  the  impactor.  whereas  the  ratios 
of  the  orifice  areas  are  used  to  control  the 
relative  amounts  of  the  major  and  minor 
flows.  Filters  are  placed  upstream  of  the 
orifices  to  collect  the  three  particulate  size 
fractions. 


FOR  ADDITIONAL 
INFORMATION 

DOE  report(s) 

A  Virtual  Impactor  for  Personal  and  Area  Air 

Sampling. 

Report  number  EGG-M-25485/NAB 

Order  number  TI860041 37/NAB 

Price.  $9.95 

For  additional  information  czntact 
J.  M  Welch 
EG&G  Idaho.  Inc 
PO  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No    (208 1  526-8318 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield  VA  22161 

or 

J.  L  Alvarez 
EG&G  Idaho.  Inc 
PO.  Box  1625 
Idaho  Falls.  ID  834 1 5 
Telephone  (208)  526  1293 

now 


Multistage  virtual  impactor 
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X-Ray  Microprobe  Achieves  10  Micron  Resolution 

A  resolution  of  better  than  10  microns,  with  a  high  enough  intensity 
to  measure  trace  concentrations  of  atomic  elements,  has  been  ob- 
tained using  a  new  x-ray  microprobe  designed  by  scientists  at 
the  Lawrence  Berkeley  Laboratory. 

In  tests  conducted  at  the  Brookhaven  National  Laboratory,  the  new 
microprobe  measured  the  concentration  and  spatial  distribution  of 
many  elements  quickly  and  simultaneously  in  a  sample  area  of  less 
than  100  square  microns.    An  even  higher  resolution  appears  possi- 
ble in  the  near  future. 

"In  a  300  second  counting  time,  we  easily  measured  picogram 
quantities  of  elements  from  potassium  to  zinc,"  said  Albert  Thomp- 
son, a  physicist  at  LBL's  Center  for  X-ray  Optics. 

The  beam  of  x-rays  from  the  light  source  was  focused  by  a  pair 
of  multilayer-coated  mirrors  designed  and  fabricated  at  the  Center 
for  X-ray  Optics  under  the  guidance  of  Underwood,    when  the 
x-rays  struck  a  sample,  elements  in  the  sample  were  caused  to 
fluoresce,  yielding  characteristic  spectral  lines  which  were  record- 
ed by  a  lithium-drifted  silicon  detector. 

The  unique  mirrors  that  enabled  the  new  microprobe  to  bring 
x-rays  into  such  a  crisp  focus  began  as  standard  fused-silica  mir- 
rors with  a  6-meter  radius  of  curvature.    To  these  mirrors  were 
added  deposits  of  tungsten  and  carbon  in  alternating  layers,  each 
a  few  atoms  thick. 

The  alternating  mirrors  act  like  a  crystal  to  select  a  narrow  band 
of  wavelengths  from  the  white  spectrum  of  the  x-ray  beam.    The 
mirrors  are  placed  on  a  rotating  table  and  passed  under  a  pair  of 
sputtering  sources.    The  evaporated  atoms  form  a  set  of  very 
uniform  layers  on  the  surface  of  the  mirrors. 

Unlike  electron  microprobes,  the  new  x-ray  probe  does  not  require 
that  samples  be  placed  in  a  vacuum.    Consequently,  it  permits 
a  wider  variety  of  samples,  including  living  biological  specimens, 
to  be  studied.    The  new  microprobe's  designers  estimate  their  de- 
vice to  be  about  100  times  more  sensitive  than  conventional  "pin- 
hole imaging"  of  x-rays  for  materials  research,  such  as  the  study 
of  phase  transitions. 
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To  date,  the  new  microprobe  has  been  used  in  a  medical  study  to 
reveal  the  distribution  of  toxic  concentrations  of  trace  elements  in 
biological  tissue,  and  in  a  study  of  ceramics  to  locate  internal 
cracks  and  flaws.    An  experiment  using  the  new  microprobe  to  re- 
veal the  geological  history  of  rocks  is  scheduled  to  get  under  way 
soon. 

FOR  ADDITIONAL  INFORMATION: 

Mr.  Robert  Morris 

Department  of  Energy 

Lawrence  Berkeley  Laboratory 

50A-4112,  University  of  California,  Berkeley,  CA  94720 
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Three-Frequency  Water-Vapor  Radiometer 

Measurements  increase  the  accuracies  of  delay  predictions. 
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The  Water-Vapor  Radiometer  measures  thermal  emissions  from  the  sky  at  three  microwave  frequencies  to  determine  the  water-vapor  content  of 
the  atmosphere  and  the  consequent  wet-path  microwave  delay. 


A  three-frequency  microwave  radiome- 
ter measures  the  quantity  of  water  vapor  in 
the  atmosphere,  as  part  of  the  effort  to 
determine  microwave-signal  delays  due  to 
water  vapor.  The  delay  estimates  are 
necessary  for  the  accurate  determination 
of  distances  in  geodesy  and  such  related 
applications  as  very-long-baseline  In- 
terferometry.  The  water-vapor  data  are 
also  directly  useful  in  weather  research. 

The  amount  of  water  vapor  and  the  mi- 
crowave delay  caused  by  the  water  vapor 
along  a  line  of  sight  in  the  atmosphere  are 
readily  estimated  from  microwave  obser- 
vations along  the  same  line  of  sight.  In 
prior  radiometer  systems,  the  most  impor- 
tant measured  quantity  was  the  thermal 
atmospheric  emission  at  a,  frequency  near 
the  22.237-GHz  resonance  of  the  H20 
molecule.  In  cloudy  skies,  a  second  meas- 
urement was  made  away  from  this  reso- 
nance to  determine  the  thermal  contribu- 


tion from  liquid  water.  The  new  radiometer 
measures  the  emission  at  three  frequen- 
cies, two  (20.7  and  22.3  GHz)  near  the 
resonance  and  a  third  at  31.4  GHz.  The 
three-frequency  technique  offers  a 
modest  improvement  in  delay  estimation 
over  the  two-frequency  technique. 

The  figure  illustrates  the  microwave 
portion  of  the  radiometer.  The  received 
sky  signal  is  fed  through  a  frequency 
diplexer,  which  separates  the  two  lower 
frequencies  from  the  higher  one.  The  in- 
dividual receivers  are  Dicke  radiometers, 
each  of  which  includes  a  ferrite  switch  to 
alternate  its  input  between  the  received 
sky  signal  and  an  internal  ambient-tem- 
perature load  for  temperature  calibration 
and  receiver  stabilization.  A  constant 
white-noise  signal  from  a  noise  diode  is 
coupled  into  the  sky-signal  port  of  each  fer- 
rite switch  to  provide  a  gain-calibration 
reference. 


The  mixers  are  of  the  double-balanced. 
Schottky-diode  type  having  intermediate- 
frequency  passbands  of  40  to  200  MHz. 
The  20.7-  and  22.3-GHz  signals  are  ob- 
tained in  the  lower  frequency  channel  by 
passively  coupling  the  two  Gunn  local 
oscillators  into  the  mixer  and  altematety 
turning  the  oscillators  on  and  off.  The  band- 
pass filters  suppress  the  local-oscillator 
harmonics,  that  might  otherwise  cause  on- 
sets in  the  Dicke  comparison  between  the 
sky-  and  ambient-temperature  reference 
ports. 

All  of  the  radiometer  componer:<  m 
cept  the  receiving  feed  horn  are  coo- 
figured  in  a  plane  and  fastened  to  an 
aluminum  heat  sink  The  heat  snk  s  ther- 
mally isolated  from  the  environment  ex- 
cept for  a  thermoelectric  heat  pump  that 
maintains  it  at  35  °C  This  temperature 
control  stabilizes  the  radfcmeter  gar  and 
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noise-diode  outputs  within  a  small  fraction 
of  a  percent. 

A  microprocessor  monitors  tempera- 
tures, power-supply  voltages,  and  the  out- 
put of  a  tilt  sensor  for  automatic  zenith- 
angle  calibration.  It  controls  the  stepping 
motors  that  change  the  line  of  sight.  It  also 
controls  the  microwave  switches.  One  cy- 


cle of  the  switching  sequence  takes  about 
1  s  and  is  comprised  of  eight  integration 
subcycles  of  about  one-eighth  s  at  each  of 
the  eight  combinations  of  switch  positions. 
The  radiometer  outputs  are  integrated 
digitally  and  processed  into  sky-brightness 
temperatures. 

This  work  was  done  by  Michael  A. 


Janssen  and  Noburu  I.  Yamane  ofCaltech 
for  NASA's  Jet  Propulsion  Laboratory. 

NPO-16531  /TN 
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Laser-PuSse/Fiber-Optic  Liquid-Leak  Detector 

Several  potential  leak  sites  can  be  monitored  using  a  single  sensing  fiber. 
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Figure  1.  This  Optical  Time-Domain  Reflectometer  measures  pulse  travel  times  to  identify  the  sensor  or  sensors  from  which  refected 
laser  pulses  originate.  A  leak  is  indicated  by  a  change  in  the  amplitude  of  the  pulse  reflected  from  a  sensor 


Fluid  systems  can  be  monitored  quick- 
ly for  leaks  in  remote,  hazardous,  or  inac- 
cessible locations  by  a  system  of  com- 
pact, lightweight  fiber-optic  leak  sensors 
that  are  presently  undergoing  develop- 
ment. The  sensors  would  be  installed  at 
such  potential  leak  sites  as  joints,  cou- 
plings, and  fittings.  A  sensor  is  read  by 
sending  a  laser  pulse  along  the  fiber,  then 
noting  the  presence  or  relative  amplitude 
of  the  return  pulse.  This  leak-monitoring 
technique  should  be  applicable  to  a  wide 
range  of  fluid  systems  and  would 
minimize  human  ^exposure  to  toxic  or 
dangerous  fluids. 

The  sensors  are  optical  discontinuities 
from  which  light  is  reflected  back  along 
the  sensing  optical  fiber  or  fibers  to  a 
photodetector.  The  intensity  of  the  reflec- 
tion is  determined  in  part  by  the  index  of 


refraction  of  the  medium  surrounding  a 
sensor,  through  -its  effect  on  the  elec- 
tromagnetic modes  in  the  fiber  core  and 
cladding.  For  example,  if  leaking  oil  hav- 
ing an  index  of  refraction  near  that  of  the 
cladding  comes  into  contact  with  the 
cladding,  a  substantial  amount  of  light  is 
coupled  out  of  the  core  and  lost  to  the  en- 
vironment. In  this  case,  the  loss  of  reflec- 
tion would  indicate  a  leak. 

The  types  of  sensors  showing  the 
most  promise  include  tapered  constric- 
tions, U-bends,  and  tilted  fiber  ends  with 
and  without  mirrors.  An  individual  fiber 
could  be  run  to  each  potential  leak  site, 
which  would  necessitate  large  amounts 
of  fiber.  Alternatively,  optical  time- 
domain  reflectometry  can  be  used,  as 
shown  in  Figure  1.  There,  the  sensors 
are  located  in  series  along  one  fiber 


The  travel  time  of  ar  a  j  in- 
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This  work  was  done  by  Aacftacrf  £ 
Padgett  of  Kennedy  Space  Center  •■  v 
OotoEtectror  CS 
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Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Kennedy  Space  Center  Refer  to 
KSC-11331  ,<tn 

John  F.  Kennedy  Space  Center 

Acting  Technology  Utilization 

Officer  Thomas  M  Hammond 

Mail  Slop  PT-TPO-A 

Kennedy  Space  Center,  FL  32899 

(305)867-3017 

Patent  Counsel: 

James  O  Harrell 

Mail  Code  PT-PAT 

Kennedy  Space  Center,  FL  32899 

(305)  867-2544 
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TRACE  2:  SENSOR  1  WET 


TRACE  4:  SENSORS  1,2  AND  3  WET 

Figure  2.  The  Presence  of  Water  at  Sensors  connected  in  series  is  shown  by  the  reduc- 
tion of  the  corresponding  reflected  laser  pulses.  The  reflections  from  the  dry  sensors 
are  indicated  by  peaks  3  through  5  in  the  first  trace.  The  subsequent  traces  show  the  ef- 
fects of  successively  wetting  the  three  sensors. 
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Improved  Spectrometer  for  Field  Use 

Instrument  would  give  answers  in  the 
field  without  waits  for  lab  processing. 


A  proposed  portable  spectrometer  for 
analyzing  minerals  in  the  field  would 
generate  spectral  images  like  a  camera 
and  process  the  spectral  data  for  real- 
time identification  of  materials.  To  identify 
an  unknown  mineral,  the  user  would  lo- 
cate significant  peaks  in  the  displayed 
spectrum  and  match  them  to  a  spectrum 
in  a  portfolio  of  reference  spectra.  Alter- 
natively, the  user  would  call  up  a'display 
of  prerecorded  spectra  in  the  same  wave- 
length region  for  comparison  or  allow  the 
spectrometer  to  determine  the  best 
match  automatically. 

The  new  instrument  would  make  it  un- 
necessary to  return  the  data  to  a  labora- 
tory or  an  equipment  trailer  for  proces- 
sing. In  principle,  it  would  accommodate 
a  wide  variety  of  minerals.  The  proposed 
spectrometer  would  extend  the  capabili- 
ties of  the  simpler  two-wavelength  instru- 
ment described  in  "Portable  Radiometer 
Identifies  Minerals  in  the  Field" 
(NPO-15234),  page  419,  NASA  Tech  Briefs, 
Vol.  6,  No.  4  (Spring/Summer  1982). 

In  the  proposed  instrument,  reflected 
light  from  the  terrain  enters  a  telescope 
(see  figure)  and  passes  along  an  optical 
fiber  to  a  grating  spectrometer.  The 
grating  disperses  the  light  passing 
through  filters  onto  a  linear  array  of  about 
1 ,000  individual  photodetectors  or  a  set  of 
charge-coupled-device  detectors.  The  ar- 
ray is  electronically  scanned  so  that  it 
yields  analog  signals,  which  are  pro- 
cessed by  gain-adjusting  circuits, 
amplifiers,  and  demodulators.  The  analog 
data  from  the  signal  processor  are  con- 
verted to  digital  form  for  use  by  a  micro- 
processor. The  microprocessor  and  a 
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digital  recorder  provide  signals  for  a 
liquid-crystal  display. 

A  control  pad  and  spectral  display  are 
contained  in  a  separate  paddle  so  that  the 
telescope  can  be  made  as  light  as  possi- 
ble. The  user  can  select  a  portion  of  the 
reflectance  spectrum  of  the  surface 
under  examination  for  real-time  display, 
can  expand  the  reflectance  and  wave- 
length display  coordinates  as  desired, 
and  can  retain  a  spectrum  for  further  pro- 
cessing and  recording. 

An  initial  calibration  is  carried  out  in 
ambient  light,  preferably  with  a  target 
lighted  by  the  Sun.  The  instrument  is 
pointed  at  a  standard-reflectance  calibra- 
tion target,  and  the  spectrum  is  recorded 

The  instrument  is  then  pointed  at  the 
target  terrain,  and  its  spectrum,  after 
ratioing  with  the  standard,  is  displayed  on 


the  screen  The  scectrum  is  recorded  for 
future  use   For  analys  s  red 

spectra  are  caned  ud  force-  =sa 

superimposed  curve,  or  e'se  aigo  tints 
are  applied  fof  automatic  identical-: 
the  target  specimen 

This  work  was  ac~e  b)  Aiexande 
Goetz  ofCaitech  for  NASA's  Jet  Propul- 
sion Laboratory 

Inquiries  concer~i-~g    ghts  for  the 
commercial  use  c'  :*  $   ~ ■■ 
be  addressed  to  the  Pate-"  Counsei. 
NASA  Resident  OfliceJPL   Refe 
NP0 15732    -\ 

Jet  Propulsion  Laboratory 
Tec*  -leicgt  UtHluhon  Mtntgr 

Norma*  l    C*3  '  " 

Mail  Stop  2C1  110 
4800  OaK  Grove  Drive 
Pasadena  CA9H09 
(818)  354  2240 
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61 6  Cost  and  Weight  of  Helicopter  Landing  Gear—  Three  types  of  landing 
gear  are  compared. 

61 7  Stress  Analysis  of  a  Scale-Model  Helicopter  Rotor  Hub—  Margins  cf 
safety  are  positive  in  the  components  checked. 

61 8  More  Durable  Tracks  for  Heavy  Vehicles—  Tie  bars  instead  of  threaded 
fasteners  make  track  throwing  less  likery. 

Other  items  of  interest 

550       Water  Heater/Cooler  for  Vehicles —  At  the  press  of  a  button, 

thermoelectric  unit  changes  from  a  heating  device  to  a  cooling  device. 

586        Fire-Resistant  Belt  Panel  for  Airplane  Windows —  The  layered  structure 
incorporates  materials  that  generate  little  smoke.  (Lcensing  Opportunity, 

588        Fire-Resistant  Aircraft  Ceilings —  New  materials  retard  flames  but  keep 
panel  strong  and  light.  (Licensing  Opportunity) 
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Cost  and  Weight  of  Helicopter  Landing  Gear 

Three  types  of  landing  gear  are  compared. 
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The  Helicopter  Used  as  the  Basis  of  the  Landing  Gear  Study  is  rated  for  a  gross  weight  at  take-off  of  10.00C  c 
(4,540  kg).  Twin  advanced-technology  engines  drive  the  counter  rotating  main  rotors  and  the  auxiliary  propulsor 


A  preliminary  design  study  has  determined 
weight  and  cost  sensitivities  of  three  types  of  land- 
ing gear  for  a  10,000-lb  (4,540-kg)  helicopter  (see 
figure):  noncrashworthy  retractable,  crashworthy 
retractable,  and  crashworthy  fixed.  In  the  study  for 
the  U.S.  Army  Aviation  Research  and  Technology 
Activity  (AVSCOM),  the  computer  program  KRASH 
calculated  design  loads  at  various  sink  rates  and 
pitch  and  roll  attitudes.  The  design  loads  were  used 
to  find  the  required  landing-gear  weight  for  the  as- 
sociated impact  conditions.  Landing-gear  costs 
were  found  from  the  weight  data. 

According  to  the  study,  the  maximum  weight  in- 
crease is  77  lb  (35.0  kg)  for  a  rectractable  crash- 
worthy  landing  gear  and  48.5  lb  (22.0  kg)  for  a  fixed 
crashworthy  gear,  relative  to  the  weight  of  a  retrac- 
table noncrashworthy  gear.  Most  of  the  weight  in- 
crease is  in  the  shock  strut  of  the  crashworthy  gear. 
The  aerodynamic  drag  of  the  fixed  crashworthy 
gear  represents  a  power  loss  of  26.6  percent  com- 
pared to  0.7  percent  for  the  retracted  crashworthy 
gear. 

With  crashworthy  gear,  the  roll  attitude  at  impact 
can  be-extended  from  ±  10 °  to  ±  15  °  at  a  42  ft/s 


(13  m/s)  sink  rate.  The  maximum  load  in  the  ? 
strut  occurs  when  the  helicopter  is  at  a  nose  - 
down  pitch  angle  of  5°  at  any  sink  rate  acove 
20  ft/s  (6.1  m/sY 

Seats  designed  independently  of  the  laro  n  g 
gear,  when  combined  with  a  crushaWe  fus^ 
understructure,  can  protect  the  occupants  when 
the  helicopter  crashes  with  the  gear  re:r. 
However,  the  load  on  high-mass  comporr 
cessive  for  sink  rates  beyond  25  ft/s  (7.6  m/s) 

Composite  materials  such  as  graphite  e: 
cannot  be  used  in  the  mam  wheels  because  c 
high  temperatures  generated  during  braking 
Broken  fibers  in  a  composite  shco-strut  assembly 
can  cause  a  pressure  loss  during  normal  landings 
as  well  as  during  crash  landings 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  51A053 


Stress  Analysis  of  a  Scale-Model  Helicopter  Rotor  Hub 

Margins  of  safety  are  positive  in  the  components  checked. 


Lead/Lag  Hinge 


Pilch  Casf 


Hub  Plate 


The  Moment  About  the  L@ad/Lag  Hirag®  is  equal  to  the  moment  carried  by  the  dampers.  The  complex  load  path  was 
broken  down  into  a  series  of  free  bodies  in  the  analysis.  The  M,  F,  and  R  terms  represent  moment,  forces,  and  reactions, 
respectively. 


A  stress  analysis  has  been  done  on  critical  com- 
ponents of  a  27-percent-scale  model  of  a  helicop- 
ter-rotor hub.  The  rotor  system  is  designed  for  test- 
ing in  a  4-  by  7-meter  low-speed  wind  tunnel.  The 
critical  components  analyzed  for  the  U.S.  Army  Avi- 
ation Systems  Command  included  the  pitch  case, 
the  upper  hub  plate,  the  strap  pack,  and  the  lead/ 
lag  hinge-pin  assembly. 

The  hub  retention  was  found  to  be  equally  criti- 
cal for  limit  loads  at  the  lead/lag  hinge  and  the  hub 
plate.  The  hub  is  critical  in  ultimate  strength  at  the 
lead/lag  hinge  and  in  fatigue  in  the  strap  pack. 

For  the  design  loads,  all  margins  of  safety  are 
positive,  and  the  fatigue  life  is  greater  than  148 
hours  at  105  percent  of  rated  rotor  speed  in  revolu- 
tions per  minute.  This  life  expectancy  corresponds 
to  more  than  10  million  cycles.  In  terms  of  starting 
and  stopping,  the  rotor  life  is  200,000  cycles. 


The  preload  on  the  i  otor  joint  is  controlled  by  the 
bolt  stretching  measured  at  the  time  of  installation. 
The  bolt  length  is  recorded  and  checked  periodical- 
ly for  relaxation  during  the  test  life  of  the  hub. 

The  load  paths  examined  in  the  analysis  were 
lead/lag  moment  (see  figure),  centrifugal  force, 
flapwise  moment,  and  torsion.  The  results  of  the 
analysis  allow  the  hub  and  retainer  to  be  evaluated 
for  operating  and  hardware  modifications. 

FOR  ADDI !    <NAL  INFORMATION: 

>t>u  can  learn  more  details  about  v     technology  by  ordering  the  NTIS  report(s): 
Stress  Analysis  ot  27%  Scal(  Model  of  AH-64  Main  Rotor  Hub. 
Order  number*  ADA  I64?8J  A  AA 
Price  code:  A04 


Order  from: 

National  Technical  Informatioi 
5285  Port  Royal  Road 
Springfield.  VA  27161 


Service 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


More  Durable  Tracks  for  Heavy  Vehicles 

Tie  bars  instead  of  threaded  fasteners 
make  track  throwing  less  likely. 


Rubber 
'Filling 
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SECTION  A-A 


Web 


/Tie  Bar 
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Link 


SIDE  VIEW 


A  Continuous  Chain  of  Floating  Guide  Bare  would  be  articulated  at  web  junctions.  Pins  would  replace  bolted  connections  The  guide  bars 
and  the  flanges  on  the  vehicle  (not  shown)  would  keep  out  stones. 


A  proposed  undercarriage  for  a  tank 
or  bulldozer  would  have  flanged  edges  to 
prevent  rocks  and  other  road  debris  from 
getting  caught  in  the  track  drive  and 
damaging  it  or  casting  off  the  track.  The 
improved  track  would  have  no  threaded 
fasteners  to  be  loosened  by  road  shock 
and  vibration. 

Like  conventional  tracks,  the  pro- 
posed track  includes  a  jointed,  vertically 
flexible,  horizontally  stiff,  continuous 
chain  of  sliding  guide  bars.  Unlike  con- 
ventional tracks,  however,  the  new  track 
includes  tie  bars  forged  integrally  with 
webs  of  the  guides  —  no  bolts  are  used. 


In  addition,  the  tie  bars  are  forged  with 
square  cross  sections  so  that  they  resist 
rotation  when  the  track  bends.  The  tie 
bars  are  cast  into  the  rubber  fillings  on 
the  treads  to  ensure  a  strong  bond  to  the 
rubber. 

Each  pair  of  adjacent  tie  rods  is  held 
together  by  a  staple,  a  massive,  strong 
forging  that  is  hammered  into  place  on 
the  webs.  A  pin  holds  each  staple  — 
again,  no  bolts  are  used. 

The  floating  guide  bar  runs  between 
web  pairs  In  a  track  segment.  Together 
the  guide  bars  form  a  continuous  guiding 
surface.  The  guide  bars  are  inserted  in 


open  mortises  in  the  web  and  retained  by 
pins.  The  guide  bars  float  in  grooves  in 
the  top  surface  of  the  rubber  fill  and  form 
a  wall  to  keep  out  foreign  objects.  The 
upper  edges  of  the  bars  and  webs  run 
within  continuous  flanges  on  the  vehicle 
undercarriage  so  that  foreign  objects  are 
excluded  there.  The  retaining  pins  float  m 
slots  in  the  stdes  of  the  webs  to  accom- 
modate the  changes  m  the  alignments  of 
mating  parts  as  the  track  bends  around 
the  end  wheels  and  rides  over  tx/ros 

This  work  was  done  by  Earl  R  CoBns, 
Jr.,  of  Cattech  for  NASA's  Jet  Propul- 
sion Laboratory   \-V-*r^'5     '. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  S757.  BWI 

Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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